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I. INTRODUCTION

T heReconsideration of the Total Maximum Daily Load for Toxic Pollutants in Marina Del Rey Harbor

(T oxicsT M DL ;L osAngelesR W Q CB/U S EP A 2013)includesloadallocationsfordissolvedcopperinputsto

M arinadelR ey Harbor(M dR Harbor). T hissectionprovidesabriefoverview oftheregulatory

backgroundforM dR Harborthatledtotheinclusionofdissolvedcopperw atercolum ntargetsinthe

revisedT oxicsT M DL andalsodiscussestherationaleandbackgroundforusingasite-specificobjective

(S S O )study todevelopascientifically defensiblew aterquality criterionthataccountsforsite-specific

conditionsandfocusesontheprotectionofaquaticlifeintheM dR Harbor.

1.1 Regulatory Background

In1998,thebackbasinsofM dR Harborw ereplacedonthe303(d)listforcontam inantsim pacting

sedim ent,fishtissue,andbenthicinfauna. Atthistim e,pollutantsofconcernforsedim entincluded

DDT ,chlordane,lead,copper,andzincandpollutantsofconcernforfishtissueincludedthosefor

sedim entandP CBs,dieldrin,andtribuyltin(T BT ). How ever,in2002,changesw erem adetothe303(d)

list;copper,lead,zincandT BT infishtissue,DDT insedim ent,andbenthicinfaunadegradationw ere

delistedandP CBsinsedim entforM dR backbasinsw erenew ly listed. Basedonthe303(d)listandits

subsequentm odifications,theM dR HarborT oxicsT M DL w asprom ulgatedin2005 toaddress

im pairm entsassociatedw ithsedim entforcopper,lead,zinc,chlordane,P CBs,andtoxicity andfish

tissueforDDT ,dieldrin,chlordane,P CBs,andfishconsum ptionadvisory (L osAngelesR W Q CB/U S EP A

2005). M onitoringandspecialstudiesconductedinsupportoftheT oxicsT M DL havesinceprovided

additionalinform ationregardingthespatialextentandm agnitudeoftheim pairm ents;thespecial

studiesincludepartitioningcoefficient,alow detectionlevel,storm -bornesedim entpilot,sedim ent

characterizationandBM P effectivenessstudies. T heresultshaveshow nthatdissolvedcopper

concentrationsfrequently haveexceededthechronic(4-day average)criterion(alsoreferredtoas

Criterion Continuous Concentration [CCC]) of 3.1 m icrogram s per liter (μg/L ), as specified in the 

CaliforniaT oxicsR ule(CT R ).

T heT oxicsT M DL w asrevisedandadoptedby theL osAngelesR egionalW aterQ uality ControlBoard

(R W Q CB)inFebruary 2014 (L osAngelesR W Q CB 2014)andw assubsequently approvedby theS tate

W aterR esourcesControlBoard(S W R CB)inS eptem ber2014 (S W R CB 2014). T oxicsT M DL revisionsw ere

designedtotakeintoconsiderationnew dataonthespatialextentandm agnitudeofsedim ent

contam inationasw ellasaddressthedissolvedcopperCT R exceedancesinthew atercolum n. Assuch,

theT oxicsT M DL includesloadallocationsfordissolvedcopperrequiredtoensurethatdissolvedcopper

concentrationsinM dR HarborarelessthantheCCC criterionintheCT R .

InS W R CB R esolution2014-0049 (S W R CB 2014),theS W R CB recognizesthattheU .S .Environm ental

P rotectionAgency (U S EP A)-approvedW ater-EffectR atio(W ER )m ethodm ay beusedtoderivesite-

specificw aterquality objectivesandifadoptedby theL osAngelesR W Q CB andapprovedby theS W R CB
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O fficeofAdm inistrativeL aw andU S EP A w illsupersedethecurrentCT R CCC criterionasthew ater

quality standardfordissolvedcopperinM dR Harbor.ConditionalapprovaltoconductanS S O study for

M arinadelR ey Harborw asgrantedby theL osAngelesR W Q CB inS eptem ber2017(revisedinJune

2018).

1.2 Development of Site-specific Objectives

AlthoughthereareexceedancesofthedissolvedcopperCCC inM dR Harbor,theconcentration

thresholdnecessary toprotectaquaticlifeinM dR Harborisuncertain. Itisw ellknow nthatw ater

quality param eters(e.g.,pH,dissolvedorganiccarbon[DO C],andsalinity)influencethebiological

availability ofcopperinm arinew aterandm ay reducethepotentialtocausetoxicity toaquaticlife

(U S EP A 1994;DiT oroetal.2001).Itispossiblethatsite-specificparam eterscanalsoleadtoanincrease

inbioavailability/toxicity.Assuch,aW ER >1 indicatestheenvironm entalconditionsreducetoxicity;a

W ER <1 indicatesanincreaseintoxicity;andaW ER =1 indicatesnosite-specificchangetotoxicity.T he

federalw aterquality criteria(from w hichtheCT R criteriaw erederived)fordissolvedcopperw ere

developedtobeconservativeinordertoprotectm arineaquaticlifeinallw atersoftheU .S .regardless

ofsite-specificw atercharacteristics. S pecifically,w aterquality criteriaw eredevelopedbasedon

laboratory studiesinw hichfilteredseaw aterw asused,andconsequently,thesestudiesdonot

necessarily accountform any ofthephysicalconstituents(e.g.,particulateanddissolvedorganicm atter)

thatm ay interferew iththetoxicity ofpotentialchem icalsofconcern,suchascopper. Consequently,

theU S EP A hasdevelopedproceduresthatcanbeperform edtodevelopw aterquality criteriathatare

specificandreflectiveofsite-specificconditions,w hilestillprovidingtherequiredlevelofprotectionfor

aquaticlife. T hecurrentw aterquality criteria(CCC andCM C)forcopperaredesignedtobeprotective

ofthem ostsensitivespecies(Mytilus sp.).BecausetheW ER representsanadjustm entofthecopper

toxicity thresholdinthefieldsam pletom atchthetoxicity ofcopperinlaboratory w ater,them arginof

safety intendedintheoriginalcriteriaism aintained.

T he Interim Guidance on Determination and Use of Water-Effect Ratios for Metals (U S EP A 1994)

providesguidancefordeterm iningS S O s. T hisguidanceincludesthreeoptions:1)therecalculation

procedure;2)theW ER procedure;and3)theresidentspeciesprocedure. T herecalculationprocedureis

intendedtoaccountforrelevantdifferencesbetw eenthesensitivitiesoftheaquaticorganism sinthe

nationaldatasetandthesensitivitiesoforganism sthatoccuratthesite. T heW ER approachcom pares

thetoxicity ofcopperdissolvedindifferentw atertypestodeterm ineanadjustm entfactorforthew ater

quality standard. T heresidentspeciesprocedureisintendedtoaccountfordifferencesinresident

speciessensitivity tobiologicalavailability and/ortoxicity ofam aterialduetovariability inphysicaland

chem icalcharacteristicsofthesitew ater.Inthisstudy,theW ER procedureism ostappropriateandw ill

becalculatedbasedontestsw iththem ostsensitiveresidentspeciesinM dR Harbor.T hereare

insufficientnew datafortherecalculationprocedureandtherearenothreatenedorendangered

species,negatingtheneedtoaccountforadditionalsensitiveresidentspecies.
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T heBioticL igandM odel(BL M )isanotherU S EP A-approvedapproachfordeterm iningsite-specific

criteriafordissolvedm etalsinfreshw aterenvironm ents(DiT oroetal.2001;S antoreetal.2001). A

m arineversionoftheBL M iscurrently underreview by theU S EP A buthasnotyetbeenapproved.

N onetheless,som etestinginm arineenvironm entshasbeenperform edtoevaluatetheBL M ’sability to

predicttoxicity atm arinesitesthroughouttheU nitedS tates(Arnoldetal.2005). R esultshaveshow n

thattheBL M canprovideanaccuratepredictionofcoppertoxicity tosensitivem arinetaxainm arine

receivingw atersandthattheBL M -predictedtoxicity isstrongly correlatedw ithm easuredtoxicity. T he

BL M approachrequiresonly chem icalandphysicalw aterquality dataasinputsandconsequently isa

m orecost-effectiveandlesstim e-consum ingm ethodthanthetoxicity-basedW ER . Becauseofits

efficiency,theBL M m ay allow fortheexam inationofaw iderrangeofsite-specificconditionsthancould

becapturedduringW ER studiesasw ellasevaluationofeffectivenessofvariousm anagem ent

strategies.Assuch,theBL M w illbeusedasatooltoprovideadditionaldatainterpretationand

com parisontothetoxicity-basedW ER results.U ltim ately,any proposedS S O w illbebasedonthe

toxicity-basedW ER dataalone.

Inthisstudy,W ER proceduresthatareconsistentw iththeU S EP A (1994)Interim Guidance1 w illbeused

tocalculateS S O sforM dR Harborthatarescientifically defensibleandprotectiveofbeneficialuses. T he

BL M w asusedduringthesitecharacterizationevaluationtosupportthedeterm inationof

environm entalconditionslikely toresultinthelow estcopperbioavailability.T heresultsofthisanalysis

suggesteddissolvedorganiccarbon(DO C)isanim portantsite-specificparam eterrelatedtopredicted

coppertoxicity.Assuch,additionalDO C analysishasbeenaddedtothem onthly T M DL m onitoring

program tofurthercharacterizetheHarborduringtheperiodofthisstudy.

1.2.1 Water-Effect Ratio
T heU S EP A recom m endscalculatingaW ER toaccountforsite-specificbioavailability andtoxicity of

contam inants(U S EP A 1994). AspartofaW ER study,tw oside-by-sidetoxicity testsareconducted;one

testuseslaboratory dilution(clean)w aterandtheothertestusessite(contam inated)w ater. T heW ER

isdeterm inedby calculatingtheratioofthem edianeffectiveconcentration(EC50)valuesfrom thetw o

testsasshow ninEquation1:

W ER =
� � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � �
(1)

1T heU S EP A alsopublishedastream lined procedurefortheW ER developm entforcopperinfreshw ater(U S EP A

2001). T hestream linedprocedureprovidessim plified W ER testingspecifictoaw aterbody w hereacontinuous

pointsource,suchaspublically ow nedtreatm entw orks,prim arily contributestoanelevated levelofcopper. T he

stream lined W ER guidanceisnotapplicabletoM dR Harborduetodifferencesinsalinity andsourceofcopper.
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T heW ER isthenm ultipliedby thenationalorstateaquaticlifecriterion;inthisstudy,theCT R CCC (to

representchronicconditions)criterionandcriterionm axim um concentration(CM C,torepresentacute

conditions)w illbeused. U nlikeinfreshw ater,them arineCCC andCM C arenothardnessdependent.

T ocalculateS S O s,theW ER ism ultipliedby thew aterquality criteriaasshow ninEquation2:

ChronicS S O = W ER xCCC (2)

AcuteS S O = W ER xCM C

T heW ER developedinthisstudy w illbeappropriateforadjustm entofboththeCCC andCM C,asboth
criteriaareappliedintheT M DL tothesam elocationsw ithinM dR Harbor.

1.2.2 Biotic Ligand Model
T heBL M isacom putationalm odelusedtopredictm etalspeciation,com plexation,andtoxicity to

aquaticorganism susingsite-specificw atercharacteristics(DiT oroetal.2001;S antoreetal.2001). T he

BL M w asoriginally designedtoestim atecoppertoxicity infreshw aterfishandinvertebrates;how ever,it

hasbeenusedsuccessfully inestuarinesystem sasw ell(Arnoldetal.2005;Chadw icketal.2008). T he

BL M isbasedontheprem isethatbothm etal– ligandbindingandm etalinteractionw ithcom peting

cationsm ay affecttoxicity (DiT oroetal.2001). T hus,thedegreeoftoxicity isexpectedtoberelatedto

theam ountofm etalavailabletobindtothebioticligand,theconcentrationofotheraqueousligands

suchasorganicm atterthatcanbindupthem etalofconcern,andtheavailability ofothercations(i.e.,

calcium ),w hichm ay haveaprotectiveeffect.

T hem arineversionoftheBL M usesw aterchem istry param eters(e.g.,pH,DO C,andsalinity)tocalculate

bioavailablem etalsconcentrationsinw aterandm etalbindingaffinity tobioticligands. T heBL M then

predictsm etaltoxicity toaquaticorganism sbasedonthesecalculationsandoutputsEC50 values.

A BL M -basedW ER canbecalculatedusingtheBL M -predictedEC50 outputsforbothsitew aterand

controlorreference(clean)w aterasshow ninEquation3:

BL M -basedW ER =
� � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
(3)
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BL M -basedS S O sm ay thenbecalculatedusingEquation2 inS ection1.2.1.T heM arineCopperBL M has

notyetbeenapprovedby U S EP A;therefore,forthepurposeofthisstudy,toxicity endpointsgenerated

usingtheBL M w illbeusedasapointofcom parisontoenhanceinterpretationofthestudy results.

1.2.3 Previous Marine or Estuarine Water-Effect Ratio Studies
W hileW ER studieshavebeenperform edinfreshw aterenvironm entsnationw ide,only afew W ER

studiesconductedinCaliforniam arineorestuarinew atersarepublicly availableatthistim e. O nly tw o

m arine/estuarineW ER studiesinCaliforniahaveresultedinS S O sthatw ereadoptedby aR W Q CB and

approvedby theS W R CB. Forotherstudiesconductedinthem arineenvironm ent,thestatusof

adoptionby therelevantR W Q CB iscurrently unknow n(L W A 2006)orthegoalofthestudy w asto

betterunderstandbioavailability ofcoppertoaquaticorganism s,asinR osenetal.(1995)andBosseet

al.(2014),butnottodevelopanS S O . T hem ostrelevantstudiesaresum m arizedbelow .

1.2.3.1 Lower South San Francisco Bay (South of Dumbarton Bridge)

Anim pairm entassessm entstudy forcopper(andnickel)w asconductedforL ow erS outhS anFrancisco

Bay (T etraT echetal.2000). W ER testingw asakey partofthisstudy andw asusedtounderstandhow

site-specificw aterquality param etersaffectthebioavailability andtoxicity ofdissolvedcopperw ithin

theL ow erS outhS anFranciscoBay. T hebluem usselMytilus edulis andthepurpleseaurchin

Strongylocentrotus purpuratus w ereusedinthistestingasprim ary andsecondary species,respectively.

S am plesw erecollectedfrom threesitesinS outhS anFranciscoBay,andtestsw ereconductedfrom

January 1996 toM arch1997 tounderstandthetem poralvariability inbioavailability ofL ow erS outhS an

FranciscoBay w aters. R esultsofthisstudy dem onstratedW ER valuesrangingfrom 2.7to3.5 for

dissolvedcopper. S S O srangingfrom 6.7to8.8µg/L fordissolvedcopperw erethencalculatedusinga

m odifiedCCC of2.5 µg/L ,basedontoxicity testdatacollectedaspartofthestudy. A proposedS S O of

6.9 µg/L w asrecom m endedby theCity ofS anJose,basedonpooledW ER resultsfrom tw ostationsand

w assuggestedtobeprotectiveofthem ostsensitivespecies, M. edulis. AnS S O of6.9 µg/L w as

adoptedby theS anFranciscoBay R W Q CB in2002 (S anFranciscoBay R W Q CB 2002).

1.2.3.2 San Francisco Bay (North of Dumbarton Bridge)

A W ER study w asconductedinS anFranciscoBay in2000/2001 forpurposesofdevelopingcopperS S O s

forS anFranciscoBay regionsnorthoftheDum bartonBridge(CleanEstuary P artnership2005;S an

FranciscoBay R W Q CB 2007a). S am plingw asconductedat13 stationsthatw ereselectedbasedon

stationspreviously sam pledby theR egionalM onitoringP rogram . T hestudy involvedsam plingandW ER

testingduringtw odry seasons(S eptem ber2000 andJune2001)andtw ow etseason(January and

M arch2001)events. Coppertoxicity testsw ereperform edusingthebivalveM. edulis m ussel

developm enttest. R esultsdidnotdem onstrateaseasonalpatterninW ER s;how ever,differencesin

W ER sacrossS anFranciscoBay regionsw erem easuredandw erelikely duetodifferencesinthe

physicochem icalcharacteristicsofw aterfrom differentregionsofS anFranciscoBay. T hegeom etric
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m eanW ER sfortheS anFranciscoBay regionsnorthofS anBrunoS hoal(i.e.,northofO aklandairporton

theeasternsideandnorthofL ittleCoyoteP ointonthew esternside)rangedfrom 2.40 to2.49 andthe

geom etricm eanW ER fortheregionsouthofS anBrunoS hoalw as2.90. Basedonthesefindings,the

Basin P lan Am endm ent proposed chronic and acute copper S S O s of 6.0 and 9.4 μg/L , respectively, for 

the area north of S an Bruno S hoal and chronic and acute copper S S O s of 6.9 and 10.8 μg/L , respectively, 

fortheregionsouthofS anBrunoS hoal. T heseS S O sw ereadoptedby theS anFranciscoBay R W Q CB in

2007(S anFranciscoBay R W Q CB 2007b).

1.2.3.3 San Diego Bay Studies

R osenetal.(2005)evaluatedthebioavailability ofcoppertoorganism sintheS anDiegoBay. W ater

sam plesincludedcom positeandgrabsam plesthatw erecollectedfrom variouslocationsinsidethebay

from 2000 to2002. BivalveMytilus galloprovincialis andechinoderm S. purpuratus orDendraster

excentricus em bryosw ereusedinW ER toxicity tests. ForW ER calculations,EC50sfrom thecopper-

spikedS anDiegoBay w atersam ples(from variousareasoftheBay)w erecom paredtothosefrom

toxicity testsofcopper-spikedreferenceseaw ater,w hichw asfiltered(0.45 m icron)coastalseaw ater

collectedfrom theresearchpieratS crippsInstituteofO ceanography. Estim atesofthedissolvedcopper

W ER rangedfrom 1.54 to1.67. T hesefindingsofW ER sgreaterthan1 inS anDiegoBay suggestthatan

S S O rangingfrom 4.7 to5.2 µg/L (basedontheW ER rangeabove)w ouldbeprotectiveoftheorganism s

throughoutS anDiegoBay.

M orerecently,astudy ofthebioavailability andtoxicity ofcopperw asconductedinS helterIslandYacht

Basin,am arinainN orthS anDiegoBay (Bosseetal.2014). Aspartofthisstudy,W ER sam plingand

testingw asconductedinconjunctionw ithcoppercom plexationcapacity m easurem entsandm odeling

usingthem arineBL M . S am plesw erecollectedattw odepths(nearsurfaceandnearbottom )during

tw osam plingevents,representingthew etseasonandthedry season. S am plingforam bienttoxicity

occurredat15 to16 stationsduringeachevent,andsam plesfrom fourofthesestationsw erespiked

w ithcopperforuseinW ER testing. M. galloprovincialis em bryosw ereusedasthetestspeciesaspart

ofthestandardm usseldevelopm enttest(U S EP A 1995). R esultsofthisstudy dem onstratedslightly

low erW ER sinthew etseason(geom etricm eanof1.2 + 0.1)thaninthedry season(geom etricm eanof

1.5 + 0.2)w ithafinaldissolvedcopperW ER foralleventsof1.33. T hesefindingssuggestthatanS S O of

4.11 µg/L w ouldbeprotectiveofm arineorganism sintheS helterIslandYachtBasin.

1.2.3.4 Mugu Lagoon and Lower Calleguas Creek, Ventura County

A W ER study forcopperw asconductedforM ugu L agoonandL ow erCalleguasCreek(L W A 2006)in

accordancew iththeU S EP A (1994)Interim Guidance. How ever,only theresultsforM ugu L agoon,w hich

isam arineenvironm ent,arerelevanttothecurrentstudy andaresum m arizedhere. S am plesw ere

collectedduringdry w eatherconditionsinAugust2003 andJanuary 2004 andw etw eatherconditionsin

M arch2004 andApril2006. M. edulis w eretheprim ary testspecies,andthelarvalbivalvedevelopm ent
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testw asusedtoevaluatecoppertoxicity. T herecom m endedW ER fordissolvedcopperinM ugu L agoon

w asdeterm inedtobe1.51,resultinginachronicS S O establishedas4.68µg/L (L W A 2006).

1.2.3.5 Summary of Previous Water-Effect Ratio Studies

Allstudiessum m arizedabovehavedem onstratedthatW ER resultsw eregreaterthan1. W ER findings

from thesestudiesrangedfrom 1.33 inS helterIslandYachtBasinto3.5 inL ow erS outhS anFrancisco

Bay. S S O sestim atedfrom theseW ER resultsrangefrom 4.11 to8.8 µg/L ;how ever,todate,only the

S anFranciscoBay S S O s(rangingfrom 6.9 to10.8µg/L )havebeenadoptedby theR W Q CB (S anFrancisco

Bay R W Q CB 2002). T hesefindingsdem onstratethatateachofthesesites,ahighercopper

concentrationthanthecurrentCT R CCC criterionof3.1 µg/L w ouldbeprotectiveofm arineaquaticlife

andbeneficialusesofthosesites.

1.3 Previous Relevant Studies and Data in Marina del Rey Harbor

1.3.1 Dissolved Copper in Marina del Rey Harbor (Summary of CIMP
data)

T heM arinadelR ey CoordinatedIntegratedM onitoringP rogram (CIM P )isarequirem entoftheT oxics

T M DL inM dR Harbor.Inthe2017-2018m onitoringyear,w etanddry w eathersam plesw erecollected.

T hew etw eathersam plingoccurredatam ainchannellocationnearthebackbasinsonJanuary 9th and

M arch2nd-3rd,2018.Bothsam plesexhibitedtoxicity andtheresultsofaT oxicity Identification

Evaluation(T IE)indicatedthatcationicm etalsw erelikely responsible.Duringdry w eather,them ain

channelstationissam pledm onthly andseveralbasinsaresam pledonarotatingschedulew itheach

basinsam pledevery otherm onth.Dissolvedcopperconcentrationsoftenexceededthew aterquality

criterionindry w eathersam plingconductedtodate;how ever,sam plesusually donotexhibittoxicity.

1.3.2 DPR Copper Level Study
In2006,theCaliforniaDepartm entofP esticideR egulationperform edam onitoringstudy in23 m arinas

statew ide,includingfreshw ater,brackishw ater,andm arineenvironm ents.S everalsam plesfrom each

m arinaw erecollectedandanalyzedforw aterquality param eters(salinity,tem perature,DO C,pH,etc.),

asw ellastotalanddissolvedcopperandzinc,andtoxicity (DP R 2009).T hefreshw aterBL M w asadapted

forusew iththebrackishandm arinesam ples(undertheguidanceofR obertS antore,W indw ard

Environm ental,S yracuse,N Y)tocom parepredictedtoxicity toobservedtoxicity testresults.T heM dR

Harborsam plesexhibitedthehighestm etalsconcentrationsofallthem arinastested.Dissolvedcopper

concentrationsrangedfrom 8.1-18.4 µg/L inthebackbasins(BB)and8.9-16.2 µg/L inthefrontbasins

(FB),totalcopperconcentrationsrangedfrom 9.0-20.2 µg/L (BB)and9.2-17.2 µg/L (FB),anddissolved

zincconcentrationsrangedfrom 33.3-59.5 µg/L (BB)and38.2-66.6 µg/L (FB).T heDO C concentrations

throughouttheHarborrangedfrom 0.69 m g/L to1.90 m g/L .
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O fthe47sam plestestedfortoxicity,8w eretoxicand7ofthosew erefrom M dR Harbor.T hetoxicity at

thesestationsrangedfrom 4-67 percentnorm al-alivem usselem bryos.A T oxicity Identification

Evaluationw asperform edontw oofthesam plesfrom M dR H anditindicatedthatacationicm etalw as

responsibleforthetoxicity.Basedonthem easuredcopperandzincconcentrations,copperw aslikely

thecauseoftheobservedtoxicity.T heseresultsalignedw iththepredictedtoxicity basedontheBL M .

O verall,theBL M resultsforthem arinesam plesw ereingoodagreem entw iththeobservedtoxicity

(88% successrate).

1.4 Study Objective

T heobjectiveofthisstudy istodevelopascientifically defensibleS S O forM dR Harborthataccountsfor

site-specificconditionsandisasprotectiveofaquaticlifeandthebeneficialusesofM dR Harborasthe

currentcriteria.
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II. STUDY DESIGN AND METHODS

T hissectioncom prisestheW ER study designandincludesthedetailsofthesam plingprogram ,

analyticalm ethods,anddataanalysis. T heoverallapproachisbasedontheU S EP A (1994)Interim

Guidancefordeterm iningw atereffectsratiosform etals. Asstatedinthisguidance,developm entof

W ER sforsurfacew aters(e.g.,baysandharbors)locatedaw ay from effluentplum es(M ethod2)isa

m orecom plexandvariablesituationthandevelopingW ER sforplum e-influencedw aters. Consequently,

few specificrequirem entsforstudy designareprovidedintheU S EP A (1994)Interim Guidance;instead,

qualitativedescriptionsandrecom m endationsareprovidedtoguidetheinvestigatorindevelopingthe

specificsofthestudy. S ince relatively littleguidanceisprovidedforW ER studiesinm arinew aters,a

technicaladvisory com m ittee(T AC)hasbeenestablishedtoprovidescientificreview andguidancefor

theS S O study.

T heapproachusedtodeveloptheM dR HarborW ER study designw astoadheretotheconceptual

approachdescribedintheU S EP A (1994)Interim Guidanceandim plem entthisapproachby using

m ethodsshow ntobeeffectiveinrecentCaliforniaW ER studies. S tudy designandm ethodselectionis

prim arily basedontw ostudies:1)S anFranciscoBay copperandnickelS S O derivation(CleanEstuary

P artnership2005);and2)studiesofcopperbioavailability andtoxicity inS anDiegoBay (Bosseetal.

2014). T heS anFranciscoBay study resultedinS S O sforcopperthatw ereadoptedby theregulatory

authority foruseintotalm axim um daily loads.

T hekey elem entsandsequenceofthestudy designdevelopm entareshow ninFigure1 andare

describedinsubsequentsubsections. T oxicity testingw illbetheprim ary m ethodusedtocalculate

W ER s. T hus,selectingtestspeciesandthetestm ethodisthefirststepinstudy design(S ection2.1).

T heU S EP A (1994)Interim Guidanceem phasizestheim portanceofdevelopingasam plingdesignthat

takesintoaccountvariationsinw aterquality likely toaffecttheW ER . P otentialsourcesofvariability

includeseasonality (e.g.,sum m ervs.w inter),storm w aterdischarge,hydrology (tidesordepth),and

episodicevents(e.g.,planktonbloom sandharboractivities). T herelativeim portanceofthesefactorsin

controllingorinfluencingbioavailability ofcopperinM dR Harborisnotw ell-know n. A site

characterizationstudy w asconductedin2018 todocum entthew aterquality characteristicsandtoxicity

inM dR Harbor.T heresultsofthecharacterizationstudy andcriticalconditiondeterm ination(described

inAppendix D)w ereusedtodevelopthefinalW ER study design(S ection2.2).T hestudy design

em phasizessam plecollectionduringtheconditionsw hentheW ER isexpectedtobelow estandtherisk

ofcoppertoxicity isgreatest,know nasthecriticalcondition. Eachw atersam plew illbeanalyzedto

determ inethecoppertoxicity EC50,copperconcentration,andBL M param eters.
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Figure 1. Study elements and process.
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M ethodsfordeterm iningthecopperEC50 foreachsam plearedescribedinS ection2.3.T hechem istry

andtoxicity dataw illbereview edandusedtocalculatethesW ER foreachsam ple(S ection2.4). T his

stepw illincludeanassessm enttodeterm ineifsW ER dataaresufficienttosupporttheobjectivesofthe

study. Ifdeficienciesarepresent,additionalsam plingm ay beneededtoresolvethem .T hefinalstepin

thedataanalysisisthecalculationofthefinalW ER (fW ER ,S ection2.5).

2.1 Toxicity Test Species and Method Selection

T oxicity testsw illbeconductedusingem bryosoftheM. galloprovincialis. T hisspeciesisrecom m ended

forW ER calculationintheU S EP A (1994)Interim Guidanceandhasbeentheprim ary orsolespeciesused

forW ER developm entinrecentstudiesinS anFranciscoBay (S anFranciscoBay R W Q CB 2007a)andS an

DiegoBay (Bosseetal.2014). M. galloprovincialis isanidealorganism foruseinW ER copperstudies

becauseofitssensitivity tocopperandcom m ercialim portance. W henderivingasite-specificcriterion,

itisdesirabletouseatestspeciesw hosesensitivity isneartheFinalAcuteValue(FAV).M ussels,Mytilus

sp.(m ultiplespecies),isthem ostsensitivem arinespecieslistedby EP A,w ithaspeciesm eanacute

value(S M AV)= 6.19 µg/L . T hecurrentEP A saltw atercriteriaforcopperarebasedonthisvalueto

protectthiscom m ercially im portantspecies.T hesensitivity ofM. galloprovincialis em bryodevelopm ent

tocopperissim ilartothatofMytilus sp.T heaverageEC50 forM. galloprovincialis from thethreeS ite

Characterizationstudy eventsw as8.12 µg/L (Appendix D). U seofM. galloprovincialis helpsprovidea

m arginofsafety forS S O developm entfortw oreasons:

 T hecurrentCT R criterionforcopperisdeterm inedexclusively by Mytilus sp.,agroupingthat

includesM. galloprovincialis,forprotectionofthiscom m ercially im portantspeciesgroup. U sing

thisspeciesintheM dR HarborS S O study w illhelpensurethatthesam elevelofprotectionis

m aintained.

 M ussels,includingM. galloprovincialis,representthem ostsensitivegenusinthenational

saltw atercoppertoxicity database. T hey arenotonly agoodsurrogateforinvertebratespecies

ingeneral(w hichtendtobem oresensitivetocopperthanvertebrates)andm ollusks(aphylum

sensitivetocopper;thethird,fourth,andsixthm ostsensitivespeciesinthenationalcopper

databasearem ollusks),butalsoitisagoodsurrogateforothersensitivesaltw ateraquatic

anim als.

T heT AC agreesthatM. galloprovinicialis isbothappropriateandsufficientfortheW ER toxicity testsand

thatnoadditionalorganism sneedtobetested.(Appendix F). How ever,ifthisorganism provestoo

difficulttospaw n,othersensitivetestspeciescouldbeconsidered.T heseincludeMytilus californianus

(Californiam ussel)andCrassostrea gigas (P acificoyster).Bothoftheseorganism sarealsofoundinM dR

Harborandaresim ilarly sensitive.
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2.1.1 Test Method
S itew aterandlaboratory controlseaw atertoxicity w illbem easuredusinga48-hourexposureofm ussel

em bryosunderstandardconditionsasdescribedU S EP A (1995). T estconditionsaresum m arizedin

T able1 anddetailedm ethodsaredescribedinAppendix A.Controlseaw aterw illbeobtainedfrom a

referencesiteinGraniteCanyon,California,andfiltered(0.45m icron)priortousetorem overesident

organism sandparticulateorganicm aterial. T hisreferencesitehasbeenusedforcontrolw aterin

previousW ER studiesinS anFranciscoBay andS anDiegoBay duetoitspreviously reported

acceptability forem bryo-larvaldevelopm enttestsandrelatively low DO C content.T oxicity testsw illbe

initiatedw ithin36 hoursofsam plecollection. Eachsam ple/treatm entw illbetestedusingfive

replicates. Foreachreplicate,approxim ately 250 M. galloprovincialis em bryosw illbeexposedin10

m illiliters(m L )ofsam plefor48hours. S am plesofeachtreatm entw illbecollectedforchem icalanalysis

atthebeginning(totalanddissolvedcopper;DO C)andend(dissolvedcopper)oftheexposureperiodto

provideam easuredEC50 value.

Em bryosarepreservedforexam inationattheendoftheexposureperiod. T hepreservedsam plesare

exam inedusingam icroscopetodeterm inethenum bersofnorm alandabnorm alsurvivingem bryos

(Figure2). T hepercentofnorm alem bryosiscalculatedfrom thecount. L evelsofkey w aterquality

param eters(dissolvedoxygen,pH,salinity,andtem perature)andcontrolperform ancew illbeevaluated

toassesstestbatchacceptability andorganism condition.T hesalinity rangehasbeenadjustedfrom 30

± 2 g/kg(U S EP A guidance)to32 ± 2 g/kgtoreflectthelocalenvironm entalconditionsandreducethe

needtodilutethesitew atertoadjustsalinity,w hichw ouldaltertheDO C andcopperconcentrations.

T hetestw illbeconsideredacceptableifthreecriteriaarem et:1)m eannorm aldevelopm entinthe

controlsm ustbeatleast90% ;2)m eansurvivalinthecontrolsm ustbegreaterthan50% ;and3)the

percentm inim um significantdifferencem ustbelessthan25% . T heresultsofcopperreferencetoxicant

testsw illbecom paredtopastresultsinordertoevaluatesensitivity oftestorganism s(EC50 shouldbe

w ithintw ostandarddeviationsoflaboratory m ean).S tandardstatisticalm ethodsw illbeusedto

calculatethecopperEC50 (concentrationcausing50% reductioninpercentnorm al-alive)foreach

sam pletype. EC50 w illbeexpressedinterm sofm easureddissolvedcopperconcentration.

Figure 2. Normally developed (left) and abnormal mussel embryos (images courtesy of Sanitation

Districts of Los Angeles County)
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Table 1. Summary of test conditions for the 48-hour mussel embryo development test

Test Species Mytilus galloprovincialis

Test Procedures U S EP A/600/R -95/136

Age/Size Class Em bryo

Endpoint N orm ality ofdevelopm entandsurvival

Test Type/Duration Acutestaticnon-renew al/48hours

Sample Storage Conditions 4°C,dark,m inim alheadspace

Holding Time ≤ 36 hours 

Control Filterednaturalseaw ater(from GraniteCanyon,California)

Salinity Adjustment Hypersalinebrine

Water Quality Parameters T em perature15± 1°C

Dissolved oxygen ≥ 4.0 m g/L  

S alinity 32 ± 2 g/kg

pH 7.5 to8.3

Photoperiod 16hourslight,8hoursdark

Test Chamber 22 m L glassshellvials

Replicates/Sample 5

No. of Organisms/Replicate 250

Exposure Volume 10 m l

Aeration N one

Feeding N one

Water Renewal N one

Reference Toxicant Copperchloride

Test Acceptability Criteria Controlm eannorm aldevelopm ent1 > 90%

Controlm eansurvival> 50%

P ercentm inim um significantdifference< 25%
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N otes:

g/kg= gram sperkilogram

m g/L = m illigram sperliter

m L = m illiliters

U S EP A = U .S .Environm entalP rotectionAgency
1 Appliedtosurvivingcontrolem bryos

2.2 Water-Effect Ratio Study Design

T hestudy designisbasedontheconceptualapproachoutlinedintheU S EP A (1994)Interim Guidance

andincludeskey designelem entsusedinthreerecentW ER studiesconductedinCalifornia. T heU S EP A

(1994)Interim Guidancerecom m endsthatW ER analysesbeconductedoverarangeofconditionsso

thattheresultsarerepresentativeofthevariationsinw aterquality atthesite. T heguidancealsostates

thatthestudy shouldincludem ultiplestationsdistributedoveram inim um ofthreeseparatesam pling

eventsthatincludedifferentseasonsandlocations.

T heU S EP A (1994)Interim Guidancerecom m endationshavebeenim plem entedindifferentw aysin

recentCaliforniastudies. FortheL osAngelesR iverandtributariestotalm axim um daily loadW ER study,

aprelim inary study designw asdevelopedthatincludedsix sam plingeventsthatw eredistributed

am ongthreeseasonalconditions:sum m erdry w eather,w interdry w eather,andw interw etw eather

(S teeringCom m ittee2014). T hissam plingdesignw asinform edby priorstudiesusingtheBL M and

refinedonthebasisofinitialstudy results. T heW ER study forS anFranciscoBay (northofDum barton

Bridge)usedastudy designthatw asm odeledafterongoingregionalw aterquality m onitoringprogram s

(CleanEstuary P artnership2005). S tationlocationsw ereselectedtom atchthoseusedinother

m onitoringprogram sandrepresentvariationsinw aterdepthandharborregion. T w osam plingevents

w ereconductedineachoftw oseasons:w etanddry. W ER analysesconductedinS helterIslandYacht

Basinw erebasedononly tw oseason-specificsam plingevents:thesum m erdry seasonandthew inter

w etseasonfollow ingam ajorstorm event(Bosseetal.2014). T hisstudy alsoexam inedspatialvariation

by distributingstationsalongatransectfrom theheadtothem outhofthebasinandinvestigated

variationrelatedtodepthby collectingsam plesnearthesurfaceandjustabovethebottom ateach

station. Am ongthesestudies,thesize,m orphology,andhydrology oftheS helterIslandYachtBasin

study siteisthem ostsim ilartothatofM dR Harbor.

2.2.1 Station Locations
T hestationlocationsforthestudy areasubsetof11 candidatestationsusedinpreviousm onitoring

surveys(Figure3,T able2).T hesestationsincludeninelocationsusedform etalsanalysisintheM dR

HarborT M DL CoordinatedIntegratedM onitoringP rogram (CIM P ;W eston2014),consistingofone

stationineachoftheharbor’seightbasins(M dR H-A throughH)andonestationattheendofthem ain

channel(M C1).T hesestationsw ereaugm entedby addingtw oadditionalm ainchannelstations,located

neartheharborentranceandnearthem id-pointofthechannel. S om eofthesestationsarelocated
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nearthem ajorstorm w ateroutfallsintotheHarbor(Figure4). All11 stationsw eresam pledin2018 ina

sitecharacterizationstudy todocum entvariationsinharborw aterquality associatedw ithfactorssuch

asurbanrunoff,boatdensity,w atercirculation,andshipyardactivities.Co-locationofthestationsw ith

theCIM P w illincreasethecom parability ofdatabetw eenthetw oprogram s.

Figure 3. Site characterization sampling stations in Marina del Rey Harbor.
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Table 2. Station locations

Station ID Description Latitude
Longitude

M dR H-M C1 M ainChannel,end 33.98054
-118.44819

M dR H-M C2 M ainChannel,m iddle 33.97231
-118.448

M dR H-M C3 M ainChannel,entrance 33.96427
-118.455

M dR H-A FrontBasinA,m iddle 33.97251
-118.45284

M dR H-B FrontBasinB,m iddle 33.97514
-118.45346

M dR H-C FrontBasinC,m iddle 33.97773
-118.45372

M dR H-D BackBasinD,m iddle 33.98022
-118.45356

M dR H-E BackBasinE,m iddle 33.98301
-118.45338

M dR H-F BackBasinF,m iddle 33.98198
-118.44502

M dR H-G FrontBasinG,m iddle 33.97939
-118.44435

M dR H-H FrontBasinH,m iddle 33.97635
-118.44409
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Figure 4. Storm drain and outfall locations (adapted from Figure 1-1 in the Marina del Rey Coordinated

Integrated Monitoring Program document, February 29, 2016). In addition to the outfalls indicated on

the map, stormwater enters the MdRH main channel from Ballona Creek and the Grand Canal.
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2.2.2 Site Characterization
T hreew aterquality surveysw ereconductedin2018 tocharacterizevariationsinHarborw aterquality

forparam etersaffectingcoppertoxicity (T able3).O neeventoccurredinM arch,theday afterarain

eventresultingin1.1 inchesofprecipitation.T heothertw oevents(M ay andS eptem ber)represented

dry w eatherconditionsintheHarbor.W atersam plesw erecollectedfrom thesurfaceandnearbottom

duringthefirsttw oevents,andfrom thesurfaceonly duringthethirdevent.Eachsam plew asanalyzed

forparam etersrequiredtoapply theBL M (pH,salinity,tem perature,DO C),asw ellastotalanddissolved

copper,chlorophyll,andtoxicity (m usselem bryodevelopm enttest).

Table 3. Water quality survey events.

Event

Date

Description

Precipitation

(in)
Depth1

1
3/23/2018

W inter,w etw eather 1.1
S ,B

2
5/21/2018

S pring,dry w eather 0
S ,B

3
9/10/2018

S um m er,dry w eather 0
S

1 S = S urface;B = Bottom

S easonalandspatialvariationsinDO C w ereobservedam ongthesam plingevents(T able4).S easonally,

DO C w ashighestonaverageandm orevariableduringevent1 (w etw eather),com paredtothetw odry

w eatherevents.Dischargeofstorm w aterrunoffcontaininghighconcentrationsoforganicm aterialto

harborsurfacew ateristhelikely causeofthispattern.T hishypothesisissupportedby generally low er

DO C concentrationsinevent1 bottom w atersam ples,com paredtosurfacesam ples.L ittledifferencein

surfaceandbottom DO C concentrationsw ereobservedduringdry w eather(event2).

A spatialpatterninDO C concentrationw asapparentforeachsam plingevent.T helow estDO C

concentrationsw erealw aysobservedatstationsinthefrontbasins(A)orinthem ainchannel,closeto

theharborm outh(M C3).L ocationsofthehighestDO C w erem orevariablebutw erefrequently located

inthebackbasinsoftheHarbor.T hisspatialpatternislikely relatedtocirculationpatternsw ithinthe

Harbor,w ithsiteshavinggreatestm ixingw ithrelatively low DO C offshorew ater(frontbasins,m ain

channel)havinglow erDO C concentrations.

Chlorophyllcontentofthew ateralsovariedspatially,w ithhigherconcentrationsusually presentinthe

backbasins.IncreasesinChlorophyll(am easureofbiologicalproductivity)w asalsocorrelatedw ith

elevatedDO C.
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Table 4. Water quality survey results for dissolved organic carbon.

DOC (mg/L)

Event Description Depth Average
Lowest Highest

1 W inter,w etw eather S 1.1
0.88(M C3) 1.41 (A)

1 W inter,w etw eather B 0.94
0.78(M C3) 1.12 (H)

2 S pring,dry w eather S 0.77
0.54 (A) 1.0 (D)

2 S pring,dry w eather B 0.76
0.44 (M C3) 0.95(M C1)

3 S um m er,dry w eather S 0.84
0.74 (M C3) 1.02 (H)

T hew aterquality resultsindicatethatthecriticalcondition,w henw aterquality characteristicsprovide

thegreatestrelativecopperbioavailability,islikely tooccurinw interorspringdry w eather,w henlow er

DO C concentrationsarepresent.

Basedonthe2018 w aterquality results,asubsetoffivestationsisrecom m endedforW ER analysis

(Figure5),w ithcom positesam plesbeingcollectedfrom threelocationsineachofthefourselected

basins(see2.2.3 S am plingDesign).T hesestationsrepresentlocationsw hereDO C concentrationsare

likely tobelow est(m ainchannelstation3,frontbasinsA andB),asw ellaslocationsw hereDO C and

copperconcentrationarelikely tobehigh(backbasinsEandF).Additionally,theselocationsencom pass

m any ofthem ajorstorm w ateroutfallsintheHarbor(Figure4)andshouldproviderepresentative

resultsduringw etw eathersam pling.S am plingthesestationsatm ultipletim esthroughouttheyearis

expectedtorepresentvariationsinw aterquality factorscontrollingcopperbioavailability throughout

theHarbor,asw ellasencom passingthecriticalconditionduringeachsam plingevent. T hecom plete

reportdetailingsitecharacterizationandcriticalconditiondeterm inationisincludedinAppendix D.
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Figure 5. Proposed stations for WER analysis.

2.2.3 Sampling Design
S ix sam plingeventsareproposedforW ER calculation(T able5). T heeventsw illbedistributedoveran

approxim ately 12-m onthperiodtocapturem ajorseasonalvariationsinw aterquality.M ostofthe

sam plingevents(4,or5events)w illoccurduringdry w eather,w henthecriticalconditionisexpectedto

bepresent.T hespecifictim eofthesam plingw illbedeterm inedby seasonalconditions.T hesam pling

planincorporatesthethreeenvironm entalfactorsexpectedtohavethegreatestinfluenceoncopper

bioavailability:harborlocation(e.g.,m ixingw ithcoastalw ater),season,andstorm w aterdischarge.T he

actualnum berofsam plingeventsconductedm ay vary,dependingontheresultsofthefirstfiveevents.

T hevariability inW ER valuesforthefirstfivesam plingeventsw illbereview ed,inconsultationw iththe

T AC,todeterm inetheneedforadditionalsam plingevents.Allsam plesw illbecollectedat1 m below

thew atersurface.InadditiontotheW ER sam pleevents,L ACP W w illcollectandanalyzeDO C sam ples

duringtheirm onthly T M DL m onitoringprogram (CIM P )foroneyear.

T oensurespatialrepresentativeness,thesam plescollectedfrom thefourbasinlocationsw illbe

com positesoftheend,m iddle,andm outhofthebasin(Figure5).Forexam ple,threesam plesw illbe

collectedandpooledtogetherfrom M dR H-A (e.g.,A-1:end,A-2:m iddle,andA-3:m outh).
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T hetim ingofeachsam plingeventw illbeselectedtorepresentpotentialtem poralvariationsinw ater

quality associatedw ithstorm w aterrunoffandtides.S am plingw illbeconductedduringbothw etand

dry w eatherevents.Foraneventtobeconsidered“ w et” ,therem usthavebeenatleast0.5 inchesof

raininthepreceding24 hoursandthesam plesm ustbetakenw ithin24 hoursfrom theendofthe

storm .Effectsoftidalvariationw illbedocum entedby conductingdry w eathersam plingduringboth

springtides(highvariationbetw eenlow andhightide)andneaptides(low differencebetw eenlow and

hightide).Duringdry w eather,eachofthefivelocationsw illbesam pledtw iceinoneday:onceduring

floodtideandonceduringebbtide.T hesetw osam plesw illbecom positedtogethersuchthatonefinal

sam pleperstationiscollectedforchem icalandtoxicity analysis.T hecom positingoverspaceandtim e

duringeachsam plingeventisintendedtoincreasetherepresentativenessofthedatafordescribing

conditionsintheHarbor.

Table 5. Proposed water-effect ratio sampling event matrix.

Event

Tide Type

Summer
Winter

Dry Weather Dry Weather
Wet Weather

Spring Neap April – October

November –

March
November – March

1 X X

2 X X

3 X X

4 X X

5 N A N A X

6* T BD T BD T BD T BD T BD

N otes:

W etw eathersam plingisnotdependentontidetype. S am plingeventcharacteristicstobedeterm ined basedon

resultsofpreviousevents.

N A = notapplicable

T BD = tobedeterm ined

*T hedetailsofEvent6 w illbebasedonreview ofdatafrom theprioreventsanddiscussionw ithstakeholders

and theT AC.

T hetidetypeandtidalcycleatthetim eofsam plingm ay affectthedegreeofm ixingofharborw ater

w ithoffshorecoastalw ater,andthusw atercharacteristicssuchasdissolvedorganiccarbon

concentration.P reviousstudiesinbayshaveshow nthattheW ER isstrongly influencedby thew ater
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circulationanddegreeofm ixingw ithcoastalw ater(T etraT echetal.2000).Variationsinbothtidal

stageandrelativechangeintidelevelw illbeconsideredinplanningthesam plingevents.

S easonaldry w eathersam plingisconsistentw iththedesignusedinpreviousW ER studies. Variationsin

tem perature,planktonabundance,DO C production,andrunoffinputsareexpectedtobeassociated

w iththeseseasons. T w osam plingeventsareplannedforeachseason,w itheacheventrepresentinga

differentphaseofthetidalcycle.

O ne sam pling event during w et w eather (follow ing substantial rainfall, ≥0.5 in) is proposed to confirm  

prelim inary findingsthatindicaterelatively low copperbioavailability duringthistim e.T hem agnitudeof

theinfluenceofstorm w aterdischargesoncopperbioavailability inM dR Harborislikely tobevariable.

Dependingontheam ountoflocalprecipitationandtides,storm w aterenterstheharborviadischarge

from theO xfordFloodControlBasintoBasinE,from aportionoftheBallonaCreekdischargeplum e

thatisreflectedintothem ainchannelby thebreakw ater,from theGrandCanal,andfrom m ultiple

storm drainsthroughouttheharborcom plex (Figure4). T heim pactofstorm w aterdischargeonthe

W ER shouldbecapturedby thechosenstationlocations. InS helterIslandYachtBasin,low erW ER s

w ereobtainedforthew etw eathersam plingevent(Bosseetal.2014). ForM dR Harbor,atleastone

sam plingeventw illbeconductedshortly afteraqualifyingraineventtoevaluatetheinfluenceofw et

w eatherconditionsontheW ER andam bienttoxicity. Q ualifyingcriteriaforsam plingw illincludelocal

precipitationofatleast0.5 inchandanantecedentdry periodofatleast3 days.

2.2.4 Parameters to be Analyzed
S everalw aterquality param eters(e.g.,pH,tem perature,dissolvedoxygen,andsalinity)w illbe

m easuredusingprobesinthefieldatthetim eofw atersam pling(T able6).Grabsam plesofw aterw ill

becollected1 m below thew atersurfaceateachstationform easurem entofDO C,m etals,andtoxicity.

Concentrationsofbothcopperandzincw illbem easured,asbothm etalsm ay beelevatedinharbors

andcontributetoam bienttoxicity. ZincconcentrationsinM dR Harborarenotexpectedtoexceed

w aterquality standardsbutm ay beapartialcontributortovariationsinHarborw atertoxicity. Inclusion

ofzincinthisstudy w illfacilitateagreatercapability tointerpretam bienttoxicity testresults.
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Table 6. Analytes for WER study

Analyte

Occasion of Measurement

Analysis Method
Use

Field Laboratory

pH X P robe
BL M

T em perature X P robe
BL M

S alinity X P robe
BL M

DissolvedO xygen X P robe
W aterquality

DissolvedO rganic

Carbon1 X Instrum ent
BL M

T otalCopper X ICP /M S
W aterquality

DissolvedCopper X ICP /M S
W aterquality

T otalZinc X ICP /M S
W aterquality

DissolvedZinc X ICP /M S
W aterquality

T oxicity X L aboratory T est
Am bienttoxicity

N otes:

BL M = BioticL igand M odel
1 DO C characterizationby spectrophotom etry w illbeconducted onselectedsam ples.

2.2.5 Sample Collection and Processing
M ethodsforw atersam plecollectionandprocessingaredescribedinAppendix A. Briefly,aperistaltic

pum pfittedw ithT eflon-linedtubingw illbeusedtocollectw atersam plesandfillplasticbottlesspecific

foreachanalytetype(T able7). S am plesform easurem entofDO C anddissolvedm etalsw illbefiltered

inthefieldw ithin15m inutesofcollectionusingplasticsyringesfittedw ith0.45-m icronfilters. A “ clean

hands/dirty hands” techniquew illbeem ployedduringsam plingandfilteringtopreventcontam ination

ofthesam ples. Allsam plesw illbeplacedincoolersw ithw eticefortem porary storage.

S am plingequipm entw illbepre-cleanedpriortothesam plingevent. T hepum psystem w illbeflushed

w ithsitew aterpriortouseateachstation. A new filterapparatusw illbeusedforeachstation.
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Table 7. Volumes and containers for field samples.

Analysis Type Volume (mL)
Container Type/Size

Dissolvedorganiccarbon 50

P re-com bustedglass

vial

Dissolvedm etals 50
P olypropylenetube

T otalm etals 50
P olypropylenetube

T oxicity 1,000
HDP Ebottle

N ote:

m L = m illiliters

2.2.6 Documentation of Chain-of-custody
S am plesareconsideredtobeinone’scustody ifthey areinthecustodian’spossessionorview or

retainedinasecuredplace. T hedocum entsusedtoidentify sam plesandtodocum entpossession

includethechain-of-custody (CO C)recordsandthefieldform . CO C proceduresw illbeusedforall

sam plesthroughoutthecollectionandanalyticalprocess. CO C proceduresw illbeinitiatedduring

sam plecollection. A CO C recordw illbeprovidedw itheachsam plegroup. Eachpersonw hohas

custody ofthesam plesw illsigntheform toensurethatthesam plesarenotleftunattended. CO C form s

w illbesignedby thepersontransferringsam plescustody. Additionalinform ationregardingCO C anda

copy oftheCO C form canbefoundintheQ uality AssuranceP rojectP lan(Q AP P ;Appendix B).

2.2.7 Analysis Methods
T hem ethodsforchem icalanalysisofthesam plesaredescribedintheAppendixB. T hem ethodshave

beenselectedtoprovidereportinglim itsbelow thelevelsexpectedinM dR Harbor(T able8). M etal

analysisw illbeconductedaccordingtoU S EP A M ethod1640 fortraceelem entsinw ater,using

inductively coupledplasm am assspectrom etry. Inthisprocedure,traceelem entsarepre-concentrated

basedontheirreductiveprecipitationby sodium tetrahydroborate;ironandpalladium areaddedto

sam plestoaidco-precipitationofm etalboridesandtoenhancetheprecipitationofm etalscom ingout

intheelem entalform .
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Table 8. Chemistry and toxicity analysis methods and reporting limits.

Analyte

Method Detection Limit

(µg/L)

Reporting Limit

(µg/L)

Analysis Method
Total Dissolved Total

Dissolved

O rganicCarbon N A 50 N A 500
EP A 9060a

Copper 0.025 0.15 0.025 0.15
U S EP A 1640 – FeP d

Zinc 0.025 0.15 0.025 0.15
U S EP A 1640 – FeP d

T oxicity N A N A N A N A
U S EP A 1995

N otes:

µg/L = m icrogram sperL iter

N A = notapplicable

S M = S tandardM ethod

U S EP A = U .S .Environm entalP rotectionAgency

Dissolvedorganiccarbonw illbeanalyzedusingEP A M ethod9060afortheanalysisoftotalorganic

carbonby com bustionoroxidation. W iththism ethodorganiccarboninasam plew illbeconvertedto

carbondioxideby catalyticcom bustionorw etchem icaloxidation. T hecarbondioxideform edcanbe

m easureddirectly by aninfrareddetectororconvertedtom ethaneandm easuredby aflam eionization

detector. T heam ountofcarbondioxideorm ethaneisdirectly proportionaltotheconcentrationof

carbonaceousm aterialinthesam ple.

Am bienttoxicity inthew atersam plesw illbem easuredusingthe48-hourm usselem bryodevelopm ent

test(S ection2.1).T hetoxicity testresultsfrom theunm odifiedsam plesfrom eachdose-responsetest

(noaddedcopperspike)w illprovideinsighttothelevelofam bienttoxicity inM dR Harbor.M dR Harbor

sam pletoxicity w illbecom paredtothelaboratory control(filteredseaw aterfrom referencesite).

2.2.8 Biotic Ligand Model Analyses
T heBL M isachem icalspeciationm odelthatcanbeusedtopredicttheadverseeffectlevelsofm etalsas

afunctionofw aterchem istry. A freshw aterversionoftheBL M forcopperhasbeendevelopedand

approvedby theU S EP A foruseindevelopingsite-specificw aterquality criteria(S antoreetal.,2001).

Forthisstudy,them arineBL M forcopperinsaltw aterdevelopedby R obertS antore(Version3.16.2.41

from W indw ardEnvironm ental,L L C),w hichiscurrently underreview foruseby theU S EP A insetting

w aterquality criteria,w illbeused.P reviousresearchprovidesam orein-depthdescriptionofthem odel

param etersandequations,anditsapplicationstobothfreshw aterandm arinesystem s(DiT oroetal.

2001;S antoreetal.2001;Arnoldetal.2005;Chadw icketal.2008).
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ApplicationoftheBL M requirestheinputoffourw aterchem istry param etersfrom thesite:salinity,

tem perature,pH,andDO C. U singchem icalspeciationdataofthedifferentcom ponentsinseaw ater,

theBL M w illbeusedtopredicttheEC50BL M ;theconcentrationofdissolvedcopperneededtoproduce

anadverseeffecton50% ofdevelopingm usselem bryosinsam plesofbothsitew aterandlaboratory

controlseaw ater. T hepredictedEC50 valuesw illbeusedtocalculatetheBL M predictedW ER ,defined

asthesitew aterEC50BL M dividedby thecontrolw aterEC50BL M (seeEquation3 inS ection1.2.2).

2.2.9 Sampling Quality Assurance/Quality Control
M ultiplequality assurance(Q A)sam plesw illbecollectedandprocessedinthefield. Q A sam plesinclude

travelblanks,fieldbanks,fieldduplicates,andm atrix spikes(T able9). O neofeachQ A sam pletypew ill

becollectedduringeachsam plingevent. Furtherm ore,sam plesoftubes,syringes,filters,andbottles

from every new m anufacturinglotw illbesenttotheanalyticallaboratory forblankanalysis.

Table 9. Description of quality assurance sample types for field sampling.

Sample Type DOC Volume (mL) Total Metals (mL)
Dissolved Metals (mL)

T ravelBlank 40 50
50

FieldBlank 40 50
50

FieldDuplicate 40 50
50

M atrix S pikeBlank 40 50
50

P um pT ubingBlank 40 50
50

N otes:

DO C = dissolvedorganiccarbon

m L = m illiliters

2.3 Dose-Response Testing

Allw atersam plesw illbetestedfortoxicity andW ER calculationusingtestm ethodsdescribedinS ection

2.1.A seriesofspikedcoppertreatm entsw illbepreparedandtestedforEC50 determ ination. T he

spikingm ethodsw illfollow recom m endationsintheU S EP A (1994)Interim Guidance. W aterfrom each

M dR Harborstationandthelaboratory controlw illbespikedtogenerateaseriesofcopper

concentrationsdesignedtoproducetoxicity resultsrangingfrom noeffecttocom pleteinhibitionof

norm alem bryodevelopm ent(assum ingm inim alam bienttoxicity).R esultsfrom sam plesw itham bient

toxicity w illbereview edinconsultationw iththeT AC todeterm ineifavalidEC50 canbecalculatedfor

thatsam ple.
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Copper-spikedw atersam plesforW ER testsw illbepreparedby addingreagentgradecoppersalt

solutions. S pikingm ethodsandconcentrationsw illbeconsistentw iththeU S EP A (1994)Interim

Guidance. S pikesw illbeequilibratedfor12-24 hoursbeforetesting.Bothsitew aterandcontrolw ater

sam plesw illbespikedw ithspecificam ountsofcoppertoproducesixtoninetreatm entsthatrange

from adosethatdoesnotcausetoxicity toadosethatcausesnearly com pletem ortality orabnorm al

developm ent. Datafrom prelim inary testsw illbeusedtoselecttreatm entconcentrationsforM dR

Harbor w ater.  S piked control w ater treatm ents are expected to range from  approxim ately 2 to 30 μg/L . 

T oxicity testresultsforeachcoppertreatm entw illbeexpressedasaveragepercentagenorm aloffive

replicatetestcham bers. Controlperform ancew illbecom paredtotestacceptability criteriaandw ater

quality specifications(T able1)toverify dataquality.T hespikedcoppertreatm entsforevery sam plew ill

beanalyzedtoverify dissolvedcopperconcentrations.O nly thosetreatm entsusedinthestatistical

analysistodeterm inetheEC50 w illbesubm ittedforchem icalanalysis.

2.4 Water-Effect Ratio Analysis and Interpretation

T heU S EP A (1994)Interim Guidanceoncalculatingandinterpretingresultsw illbefollow edinthisstudy.

T hegeneralstepsinclude:

 Evaluatingtheacceptability ofeachtoxicity test

 Calculatingtheresultsofeachtest

 Evaluatingtheacceptability ofthelaboratory dilutionw ater

 CalculatingthesW ER s

 InvestigatingtheW ER

Com pletingthefirstthreestepsandcalculatingcopperEC50 valuesforeachsam plew illusem ethods

andcriteriainaccordancew ithU S EP A (1995). Generally,theEC50 w illbedeterm inedusingthe

T rim m edS pearm an-Karberm ethod.

T hesW ER w illbecalculatedastheratioofthesam pleEC50 dividedby thecontrolEC50 (S ection1.2.1).

T heBL M predictedsW ER w illalsobecalculatedforeachsam pleforcom parisonpurposesonly. T he

predictedsW ER iscalculatedusingcopperEC50sforthesam pleandlaboratory controlpredictedby the

BL M .
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2.4.1 Toxicity Quality Assurance/Quality Control
T hepracticesusedby thetoxicity laboratory toensurereliable,high-quality resultsforthetests

conductedforthisprojectaredescribedintheQ AP P (Appendix B). T heobjectivesforaccuracy and

precisioninvolveallaspectsofthetestingprocess,including:

 S eaw atersam plingandhandling

 S ourceandconditionoftestorganism s

 T estconditions

 Instrum entcalibration

 U seofreferencetoxicants

 R ecordkeeping

 Dataevaluation

Concurrentreferencetoxicanttestsw illbeconductedforeachtoxicity testbatchtoverify thesensitivity

andhealthofthetestorganism s. T hereferencetoxicantEC50 w illbecom paredtoacontrolchartof

historicalvalues. W aterquality param etersw illbem onitoredtoensurethatthey fallw ithinprescribed

lim its;correctiveactionw illbetakenifnecessary. Alllim itsestablishedforthisstudy m eetorexceed

thoserecom m endedby theU S EP A. Alldatacollectedorproducedfrom theseanalysesw illberecorded

andsum m arizedtobecom epartoftheperm anentdatarecordforthisstudy.

Inaddition,sam plesfrom onelaboratory w aterreferencetoxicantseriesw illbesplitandanalyzedby a

secondtoxicity testinglaboratory. T hisw illprovideaninterlaboratory com parisonofthetoxicity test

resultstoprovidefurtherquality assurance.

2.4.2 Chemistry Quality Assurance/Quality Control

DetaileddescriptionsofQ A/quality control(Q C)proceduresanddataquality objectives(DQ O s)forthe

chem icalanalysesofsam plesforthisprojectarecontainedintheQ AP P (Appendix B)andchem istry

laboratory standardoperationproceduresincludedw iththeQ AP P . Q A/Q C involvesalltestingaspects,

including:

 M ethodS O P s

 Calibrationm ethodsandfrequency

 Dataanalysis,validation,andreporting

 InternalQ C

 P reventivem aintenance

 P rocedurestoensuredataaccuracy andcom pleteness
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L aboratory Q C results,qualifications,andexceptionsw illbereported. L aboratory accuracy w illbe

indicatedby analysisofm atrix spikes,blankspikes,certifiedreferencem aterials,and/orrecovery

surrogates. Certifiedreferencem aterialsw illbeusedduringanalysisofDO C anddissolvedm etals

concentrations.M atrix spikesw illbeusedtoassesstheeffectsthatthesam plem atrix (e.g.,seaw ater)

hasontheaccuracy ofam easurem ent. Blankspikesw illdem onstratetheperform anceofthe

preparationm ethodonacleanm atrix,voidofpotentialinterferences. P recisionw illbedeterm inedby

analysisofduplicatem atrixspikes,blankspikes,recovery surrogatespikes,andduplicatetestsam ples.

P otentiallaboratory contam inationintroducedduringanalysisw illbeassessedby analyzing

procedural/m ethodblanks. Any Q C sam plesthatfailtom eettheQ C criteriadetailedinQ AP P (Appendix

B)w illbeidentified,correctiveactiontaken,andthecorrespondingdataw illbeappropriately qualified

inthefinalreport. AllQ A/Q C recordsw illbekeptonfile.

2.4.3 Water-Effect Ratio Investigation
T hesW ER sfordifferentstationsandeventsw illbesum m arizedandevaluatedtodeterm ineifthe

resultsaresufficientforcalculationofthefW ER . T heseanalysesw illbestructuredtoansw erthe

follow ingquestions:

 Dothesam plesrepresenttypicalM dR Harborconditions?

 Isthecriticalconditionadequately represented?

 IsthesW ER sam plesizeandprecisionsufficientforcalculationofthefW ER ?

 Arethetoxicity-basedandBL M predictedsW ER scom parable?

W aterquality (e.g.,pH,DO C,tem perature,andsalinity)andcopperconcentrationm easurem entsfor

thefieldsam plesw illbecom paredtovaluesobtainedinthesitecharacterizationstudy andT M DL

m onitoringtodeterm ineifthesam plesarerepresentativeofM dR Harbor. S tatisticalevaluationw ill

includecom paringsam pledatatothe95% confidenceintervalfortheparam eters.

R epresentationofthecriticalconditionw illbeassessedby com paringtheseasonandtidestageofeach

sam plingeventtotheconditionsusedtodefinethecriticalcondition. A determ inationw illbem adeas

tow hetherthegoalofconductingfoursam plingeventsduringthecriticalconditionw asm et.

T hecriteriaandstatisticalm ethodsusedtoevaluatesW ER sam plesizeprecisionw illbedevelopedin

consultationw iththeT AC andstakeholdersduringthedatareview process.Inadditiontothe

recom m endationfrom theT AC,thecoefficientofvariationand95% confidenceintervalsw illbe

calculatedforthesW ER dataset(orregion-specificsubset)andcom paredtothem axim um intervalsize

desired.
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T hreeapproachesw illbeusedtoinvestigatethecom parability ofthetoxicity-basedandBL M predicted

sW ER s:

1. S um m ary statistics(e.g.,m ean,standarddeviation,andrange)w illbecom paredbetw eenthe

tw otypesofsW ER . T hisanalysisw illindicatetheoverallm agnitudeofdifferencesbetw eenthe

m ethods.

2. T -testsorAN O VA w illbeusedtodeterm ineifm eansW ER saresignificantly different.

3. Graphicalm ethods(e.g.,scatterplots)w illbeusedtocom parepairsofindividualsW ER s

m atchedby station. T hisanalysisw illindicatew hetherthereisapatternofconsistentbias

betw eenthetw oW ER approaches.

T heresultsoftheW ER investigationsdescribedabovew illbereview edtodeterm ineifdataare

sufficienttosupportfW ER calculationatthedesiredlevelofprecisionandseasonalspecificity.A

m inim um ofthreesam plingeventsisrecom m endedby theU S EP A (1994)Interim Guidance,w hichis

halfthenum berofeventsproposedinthisw orkplan.Ifthedataarenotsufficient,thefeasibility of

conductingadditionalsam plingandanalysesw illbeexplored.

2.5 Final Water-Effect Ratio Calculation

T hefW ER w illbecalculatedasthegeom etricm eanofthegroupofsW ER sselectedforanalysis,as

recom m endedintheU S EP A (1994)Interim Guidance. T hegeom etricm eaniscalculatedastheaverage

ofthenaturallog-transform edsW ER s.T henum berandtypeoffW ER scalculatedw illdependonthe

characteristicsofthesW ER sandfinalstudy objectives. Forexam ple,ifstatisticalanalysesindicatethat

sW ER scollectedindifferentregionsoftheharbor(ordifferentseasons)aresim ilar,thendatam ay be

pooledandasinglefW ER calculated. Alternatively,severalfW ER sm ay becalculatedtorepresent

im portantvariationsincriticalconditionorcopperbioavailability (e.g.,frontbasinsvs.backbasins).

S im ilarly,ifthesW ER sarehighly variable,useofthelow estsW ER m ay beconsidered.A determ ination

ofthenum berandtypeoffW ER stobecalculatedw illbem adeinconsultationw iththeT AC andlocal

stakeholders.
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III. DATA MANAGEMENT

Datam anagem entw illinvolvecom pilingdatacollectedaspartoftheS S O study intostandardized

form ats,datareview ,andexportoffield,toxicity test,andchem istry dataasflatfilesthatareaccessible

by L osAngelesCounty P ublicW orks(L ACP W ). Dataw illbereview edforquality andcom pleteness,

com piled,andexportedinCEDEN form attoL ACP W .

3.1 Analytical Chemistry Data Quality Review and Management

Analyticalchem istry dataw illbesubm ittedby thelaboratory inspecifiedP DFandelectronicdata

deliverableform ats. Analyticaldataw illundergoverificationandvalidationinaccordancew iththe

Q AP P (Appendix B)andfinalvalidationqualifiersw illbeappliedandstored. A concisedatavalidation

sum m ary w illbepreparedandincludedinthefinalreport.

3.2 Toxicity Test Data Quality Review and Management

Alltoxicity testdataincludinglaboratory benchsheetsandrandom izationsheets(listedintheQ AP P ;

Appendix B)w illbereview edtoensurethatdatam eetQ A/Q C standardsspecifiedinthestandard

m ethodguidancedocum ents. T hetoxicity testdatareview processisdetailedintheQ AP P andbriefly

describedhere. A determ inationw illbem adeastow hetherDQ O sw erem etby assessingtest

acceptability criteria,referencetoxicanttestresults,protocoldeviations(i.e.,w aterquality deviations),

sam plehandlingnotes,anddatacom pleteness. M inordataquality issues,thatlikely donotaffectthe

testoutcom e,w illbenotedandsum m arizedinthefinalreport. Databasecontentsw illbecom paredto

benchsheetstoensurethattheelectronicdataarecom pleteandaccurate.

3.3 Data deliverables

A draftExceldatabasecontainingdatacollectedduringthefirsthalfoftheS S O study w illbeprovided

beforetheendof2019. A finalExceldatabasecontainingfieldsam plingcoordinates,fieldw aterquality

m easurem ents,com piledvalidatedanalyticaldata,andcom piledtoxicity sum m ary datafortheentire

study w illbeprovidedalongw iththefinalreport.
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IV. DELIVERABLES AND REPORTING

4.1 Task Reports

Interim progressreportsanddatasum m ariesw illbeprovidedasspecificstudy tasksarecom pleted.

T heform atandcontentofthesereportsw illvary,accordingtothenatureoftheactivity.P relim inary

dataandreportsw illbem adeavailabletostakeholdersw henthey aresenttotheT AC forreview .

Discussionregardingchangestothew orkplanw illoccurduringthequarterly T AC m eetingsandw illbe

opentostakeholderparticipation.R eportsforkey tasksw illincludethefollow ing:

 Q uarterly progressreportscoveringallactivities

 S um m ary offieldsam plingevents,includingstationlocationsandadescriptionofdeviations

from thesam plingplan

 S um m ary ofw aterchem istry resultsforeachsam plingevent

 S um m ary oftoxicity resultsforeachtestingevent

 S um m ary tablesofW ER values,BL M output,andpredictedW ER s

 Datavalidationsum m ary

4.2 Site-specific Objective Study Report

T heresultsoftheS S O tasksw illbesum m arized,integrated,andevaluatedinadraftreport.T hefinal

datasetw illbeprovidedtoL ACP W /L osAngelesCounty BeachesandHarbors(L ACDBH)inCEDEN form at.

L aboratory reports,copiesoffieldform s,anddatavalidationreportsw illbeincludedasappendices. At

am inim um ,thefollow ingw illbeincludedinthereport:

 S um m ary ofallfieldactivities,includingadescriptionofany deviationsfrom theapprovedw ork

plan

 L ocationsofstationsinlatitudeandlongitude(degrees,decim alm inutes)

 P rojectm apsw ithactualsam plinglocations

 S um m ary ofw aterchem istry resultscom paredtoCT R criteria

 S um m ary oftoxicity resultsandW ER values

 Conclusions

 Datavalidationsum m ary

T hedraftstudy report(oneelectroniccopy)w illbepreparedforL ACP W review andcom m ent.

Follow ingreceiptofcom m entsandrevisionstothedraftreport,adraftfinalreportw illbepreparedfor

review by theT AC,R W Q CB,andotherstakeholders. Allcom m entsw illbereview edandaddressed,and

afinalreportw illbepreparedandprovidedtoL ACP W (threehardcopiesandanelectroniccopy).
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V. PUBLIC PARTICIPATION PLAN

P ublicparticipationw illbeactively soughtduringtheS S O study. Variousstakeholdersincludingnon-

governm entalorganizations(N GO s),boaters,m arinaoperators,Harborlessees,andotherinterested

partiesw illbeinvitedtolisteninduringallT AC review m eetings.Inaddition,tw opublicinform ation

w orkshopsw illbeconducted. T hefirstT AC review m eetingw asheldinDecem ber2018 afterthe

com pletionofadraftw orkplanandconcurrentw iththepublicw orkplanreview .T AC andpublic

com m ents(andresponses)onthew orkplanareincludedinAppendicesEandF.

T hefirstpublicw orkshopw illbeheldsoonafterconcurrencefrom theR egionalBoardregardingthe

w orkplanisobtained.T hesecondw orkshopw illbeheldafterthecom pletionofthedraftfinalreportto

explaintheoutcom esoftheS S O study andtosolicitcom m entsfrom thepublicbeforefinalizingthefinal

report. Allkey docum entsfrom theS S O study,includingthedraftw orkplan,draftfinalreport,anddraft

im plem entationstrategy reportw illbeavailableforpublicreview foram inim um of30 daysoncethey

aresubm ittedtotheR W Q CB. P ublicreview com m entsw illbeconsideredinpreparationofthefinal

docum ents.

VI. TECHNICAL ADVISORY COMMITTEE

A T AC hasbeenestablishedtoprovidescientificreview andguidancefortheS S O study.T hreescientists

w ithexpertiseinm etalspeciation,bioavailability,toxicology,ecology,andw aterquality m odeling

com prisetheT AC (T able10). T heT AC m em bersw ereselectedbasedonrecom m endationsfrom

R W Q CB staffandenvironm entalgroups. EachoftheT AC m em bershaveinternationalandnational

recognitionasleadersintheirfield,extensivepublicationrecords,andam ixtureoflocaland

internationalexperience.T heT AC w illprovideanindependentreview ofthestudy design,study results,

andfinalreport. T heT AC w illalsoprovidearesourcetoquestionsorconcernsfrom stakeholdersthat

requiretheapplicationofexpertjudgm ent.AdditionalbackgroundontheT AC m em bersisprovidedin

Appendix C.
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Table 10. Technical Advisory Committee Members

Name Affiliation
Expertise

P eterCam pbell U niversity ofQ uebec,IN R S ,Q uebec,

Canada

T racem etalanalysis,speciation,toxicology,

bioaccum ulation

Gary Cherr BodegaM arineL aboratory,U niversity

ofCalifornia,Davis,CA

R eproductivephysiology,developm ental

biology,biochem istry,environm ental

toxicology

R ichardF.

Am brose

U niversity ofCalifornia,L osAngeles,

CA

Assessm ent,restoration,andrem ediationof

coastalhabitats,includingw etlandsand

rocky intertidal.Clim atechangeim pact

assessm entandm itigation.

VII. IMPLEMENTATION REPORT

Follow ingthecom pletionoftheS S O finalreport,anim plem entationreportw illbedevelopedin

coordinationw ithL ACP W /L ACDBH andtheregulatory agency inordertoincorporatetheS S O study

resultsinanam endm enttotheBasinP lanandtheT oxicsT M DL .

T heim plem entationreportw illincluderecalculationsofT M DL num erictargetsfordissolvedcopperin

M dR Harbor;i.e.,chronicCCC andacuteCM C w illberecalculatedusingfW ER sspecifictoM dR Harbor.

T heim plem entationreportw illalsoincluderecalculationofT M DL loadallocationfordissolvedcopperin

M dR HarborbasedontherecalculatedCCC. Inaddition,theim plem entationreportw illprovide

analysestosupporttheim plem entationoftheS S O sfordissolvedcopperinM dR Harborincluding

environm entalandeconom icim pacts,CaliforniaW aterCodeS ection13241,anti-degradationreview (as

appropriate),andanti-backslidingreview (asappropriate).

A draftim plem entationreport(electroniccopy)w illbesubm ittedtoL ACP W andtheR W Q CB stafffor

review . Allcom m entsw illbereview edandaddressedaccordingly. A finalim plem entationreportw ill

besubm ittedtotheL ACP W (3 hardcopies,1 electroniccopy). A copy ofthefinalim plem entation

reportw illbealsosubm ittedtotheR W Q CB E.O .
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VIII. PROJECT SCHEDULE

A projectschedulew ithkey m ilestoneshasbeendevelopedandisprovidedinT able11.

Table 11. Site-specific objective study schedule

Deliverables
Target Date1

R eview ofw orkplanby stakeholders N ovem ber2018

T AC M eeting1:R eview ofw orkplan2 Decem ber2018

S ubm issionofrevisedS S O W orkP lanforL osAngelesR W Q CB concurrence M arch2019

T AC M eeting2:conferencecalltodiscussw orkplanrevisions April2019

P ublicO utreachW orkshop1:S tudy backgroundanddescriptionofw orkplan April/M ay 2019

W ER S am plingandT esting April2019 toApril2020

T AC M eeting3:conferencecalltodiscussinterim resultsofW ER analyses July 2019

T AC M eeting4:conferencecalltodiscussinterim resultsofW ER analyses Decem ber2019

T AC M eeting5:conferencecalltodiscussprelim inary W ER results April2020

S S O DraftR eportandIm plem entationDraftR eport July 2020

P ublicO utreachW orkshop2:P resentationofreportfindingstostakeholders August2020

T AC M eeting6:conferencecalltodiscussT AC’sreview ofthedraftreport August2020

T AC M eeting7:discussionofrevisedS S O FinalR eport S eptem ber2020

FinalS S O andIm plem entationR eports O ctober2020

N otes:

R W Q CB = R egionalW aterQ uality ControlBoard

S S O = site-specificobjective

T AC = T echnicalAdvisory Com m ittee(allT AC m eetingsw illbeopentostakeholderparticipation)

W ER = W aterEffectR atio

1 Datesareforplanningpurposesonly;specificdatesform eetingshavenotyetbeenestablished.

2 Anorientationconferencecallw iththeT AC w illbeheld priortotheDecem berm eeting.
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BACKGROUND 

This document describes methods for the collection and field processing of water samples from 

Marina del Rey Harbor for site characterization, toxicity and chemical analyses.  The data 

resulting from these analyses will be used to characterize variations in harbor water quality, 

calculate Water Effects Ratios for copper, and apply the Biotic Ligand Model to predict copper 

toxicity.  

 

SAMPLE COLLECTION  

Water samples will be collected from single or multiple depths (depending on study objective), 

including one meter above the sediment surface and one meter below the water surface.  

Provisional sample locations include 11 stations that represent the central areas of each harbor 

basin and portions of the main access channel (Figure 1, Table 1).  Upon station occupation, 

sampling and processing will occur in the following order: 1) record station location and general 

conditions in log, 2) collect water samples, 3) process samples, 4) measure water quality 

parameters (grab samples or profiles), and 5) record sampling data in log. 

 

Water samples will be collected using a peristaltic pump fitted with Teflon-lined tubing. Once 

the tubing intake is at depth, the pump will be turned on to allow tubing to be flushed. After 

flushing, two liters of site water will be collected in clean 1 liter fill bottles. Subsampling for 

subsequent processing of trace metals and organic carbon will come from the fill bottle. The 

water in the fill bottle will be swirled to homogenize the sample before transferring to the 

filtering apparatus or sample containers. A “clean hands-dirty hands” technique (see below) will 

be employed to minimize contamination of samples. Of the two liters of water that will be 

collected 50 ml will be filtered for dissolved metals and 40 ml more for DOC analysis. All 

samples will be placed in dark coolers with wet ice for temporary storage. The field crew will not 

add any preservatives to the samples. 

 

Composite samples may be collected to include spatial or tidal variations in water characteristics. 

Spatial composite samples will be created by pooling equal volumes of water collected from 

three regions of a basin (e.g., end, middle, and end). The pooled sample will be subsampled and 

filtered as needed to generate separate samples for analysis of metals, organic carbon, chloropyll, 
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and toxicity. Temporal composite samples will also be created to represent potential variations in 

water quality associated with tidal exchange. These composites will be prepared by pooling 

spatial composite samples collected at two times during the sampling day: morning and 

afternoon. Ideally, sampling events should be scheduled so that a different tide stage (ebb or 

flood) is represented by each spatial composite. 

 

In order to reduce potential contamination, sampling personnel will adhere to the following rules:  

 No smoking.  

 Never sample near a running vehicle.  

 Do not eat or drink during sample collection.  

 Do not breathe, sneeze or cough in the direction of an open sample bottle.  

 Each person on the field crew will wear clean clothing that is free of dirt, grease, or other 

substances that could contaminate the sampling apparatus or sample bottle. 

 

 

Figure 1. Sampling locations for the study. 
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Table 1. Coordinates for sampling locations. 

Station ID Latitude Longitude 

MdRH-MC-1 33.9805 -118.448 

MdRH-MC-2 33.97231 -118.448 

MdRH-MC-3 33.96427 -118.455 

MdRH-A 33.97251 -118.453 

MdRH-B 33.97514 -118.453 

MdRH-C 33.97773 -118.454 

MdRH-D 33.98022 -118.454 

MdRH-E 33.98301 -118.453 

MdRH-F 33.98198 -118.445 

MdRH-G 33.97939 -118.444 

MdRH-H 33.97635 -118.444 

 

CLEAN SAMPLE HANDLING TECHNIQUES  

To prevent contamination of samples, clean metal sampling techniques using USEPA protocols 

outlined in USEPA Method 1669 will be used throughout all phases of the sampling laboratory 

work, including equipment preparation, sample collection, and sample handling, storage, and 

testing. Filled sample containers will be kept on ice or refrigerated until receipt at the laboratory.  

 

The protocol for clean metal sampling, based on USEPA Method 1669, is summarized below:  

 Samples are collected in clean sample vials or bottles with any tubing specially processed 

to clean sampling standards.  

 At least two persons, wearing clean, powder-free nitrile or latex gloves at all times, are 

required on a sampling crew.  

 One person, referred to as “dirty hands”, opens only the outer bag of all double-bagged 

sample bottles.  

 The other person, referred to as “clean hands”, reaches into the outer bag, opens the inner 

bag and removes the clean sample bottle.  

 Clean hands rinses the bottle at least two times by removing the bottle lid, filling the 

bottle approximately one-third full, replacing the bottle lid, gently shaking and then 
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emptying the bottle. Clean hands then collects the sample by filling the bottle and 

replacing the bottle cap.  

 After the sample is collected, the sample bottle is double-bagged in the opposite order 

from which it was removed from the same double-bagging.  

 Clean, powder-free gloves should be changed whenever something not known to be clean 

has been touched.  

 The time of sample collection is recorded on the field log sheet.  

 

SAMPLE PROCESSING 

Sample Filtration  

A 60 ml plastic syringe with a 0.45 μm filter attached will be used to collect and filter the 

dissolved metals sample in the field. Each filter apparatus is placed in zip-lock plastic bags and 

double bagged for storage. The filter material will be tested for Cu and DOC contamination with 

a field blank. Use one syringe per station. Maintain clean sampling techniques at all times. Filter 

the dissolved organic carbon and dissolved Cu samples first before collecting the total metals 

sample. Double bag each sample container after collection and place it in wet ice for storage 

until delivery to the analyzing laboratory. The samples will be preserved by the analyzing 

laboratory. 

 

Dissolved Organic Carbon  

Remove the syringe from the storage bag. Next, remove the filter from the bag and screw it 

tightly onto the tip of the syringe. Fill the syringe with sample and insert the plunger. Then, put 

the tip of the syringe with the filter into the clean dissolved metals container and push the sample 

through the filter taking care not to touch the inside surface of the sample container with the 

apparatus.  

 

The sample volume for dissolved organic carbon analysis needs to be 40 ml (Table 2). If the 

filter becomes clogged prior to generating 40 ml of sample, remove and dispose of the used filter 

and replace it with a new clean filter. Continue to filter the sample. When 40 ml have been 

collected, cap the sample vial tightly and store on ice for delivery to the analysis laboratory. This 
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sample vial needs to be kept in the dark to prevent sample degradation from exposure to sunlight.  

The analysis method and detection limits for dissolved organic carbon can be found in Table 3. 

 

Dissolved Metals  

A 50 ml sample is needed for dissolved metals analysis (Table 2). Filter the sample using the 

methods described above. If the filter becomes clogged prior to generating 50 ml of sample, 

remove and dispose of the used filter and replace it with a new clean filter. Continue to filter the 

sample. When 50 ml have been collected cap the sample bottle tightly and store on ice for 

delivery to the analysis laboratory. Filtration must occur within 15 minutes of sample collection. 

The analysis method and detection limits for dissolved copper and zinc can be found in Table 3. 

 

Total Metals  

The total metals sample does not need to be filtered. Using clean handling techniques, transfer 50 

ml of sample to a 50 ml plastic bottle. Double bag the sample and place it on ice after collection. 

The analysis method and detection limits for total copper and zinc can be found in Table 3. 

 

 

Table 2. Sample volumes and storage containers. 

Analysis Type 

Volume 

(ml) Container Type 

Dissolved organic carbon 40 Pre-combusted glass vial (40 ml) 

Dissolved metals  50 PE tube (50 ml) 

Total metals  50 PE tube (50 ml) 

 

 

Table 3. Analysis methods, method detection limits (MDL) and reporting limits (RL).  

Analyte 

MDL (μg/L)  RL (μg/L) 
 Analysis Method 

Total Dissolved Total Dissolved 

Organic Carbon NA 55 NA 550 EPA 9060a 

Copper  0.15 0.15  0.15 0.15 EPA 1640 – FePd only 
Zinc  0.15 0.15  0.15 0.15 EPA 1640 – FePd only 
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FIELD MEASUREMENTS AND OBSERVATIONS  

 

Field measurements will be collected, and observations will be made at each sampling site after a 

sample is collected. All field measurement results and field observations will be recorded on a 

log sheet similar to the one presented in Figure 2. Field measurements will include either a depth 

profile or single depth measurement of dissolved oxygen, temperature, salinity, and pH. 

Measurements will be collected using aYSI multi-probe meter at approximately 0.5 m intervals. 

Prior to each sampling event, water quality probes will be calibrated using fresh calibration 

solutions. For all constituents a two-point calibration will be used. After each calibration, the 

sensor will be checked to verify the accuracy is within 10% of the known value of a standard 

solution. The calibration process will be repeated until the accuracy is verified.  

 

Figure 2. Sampling log. 

MdRH Water Daily Sampling Log 

 

Date________________________ Crew_______________________________________________ 

 

Station_____________________ Latitude_________________ Longitude_________________ 

 

Time at Start__________________________         Time at Finish_____________________________ 

 

Visual Water Description________________________________________________________________ 

 

Picture Numbers______________________________________________________________________ 

 

pH_______________________________ Salinity_______________________________________ 

 

Temperature______________________             Dissolved Oxygen_______________________________ 

 

Other Notes__________________________________________________________________________ 
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QUALITY ASSURANCE / QUALITY CONTROL  

Quality assurance and quality control (QA/QC) measures will be followed to assure high data 

quality (Table 4). Field QA/QC for this project includes the following:  

 

Tubing blanks. The use of tubing blanks is intended to test whether contamination is introduced 

from the collection tubing. Samples of Milli-q water that has passed through the tubing while 

connected to the pump will be collected for total and dissolved metals as well as DOC analysis. 

These samples will serve as a blank for the tubing, collection vials, and filtration system prior to 

field collection. These QA samples will be collected and analyzed once per sampling event. 

Samples will be collected using clean sampling techniques. 

 

Field blanks. The use of field blanks is intended to test whether contamination is introduced 

from sample collection and handling, sample processing, or the sample containers. For this 

blank, laboratory water is processed in the field in the same matter that all the other field samples 

are processed, excluding the pump tubing. Field blanks will be analyzed for total and dissolved 

copper and dissolved organic carbon. Clean sampling techniques will be used to process these 

samples. One field blank sample will be processed per sampling event. 

 

Field duplicates. The use of field duplicates is intended to test the precision of sample 

collection. Field duplicates will be analyzed for all chemistry constituents. Clean sampling 

techniques will be used to minimize sample contamination. One field duplicate sample will be 

processed per sampling event. The station to collect the field duplicate will be chosen during 

each sampling event. 

 

Travel blanks. Travel blanks are plastic bottles that contain laboratory water to test if 

contamination is introduced to the samples by the laboratory or transportation methods. Travel 

blank bottles will be provided by the analytical laboratory and taken into the field at time of 

sample collection. This bottle will be opened during the time it takes to collect and process one 

station.  They will be returned to the analytical laboratory with the other field collected samples. 

The analytical laboratory will analyze this water sample for total Cu. Dissolved copper is not 
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analyzed as this will be reflected in the field blank. One travel blank sample will be processed 

per sampling event. 

 

Matrix Spike Blanks. Additional water samples will be collected for the analysis of matrix 

spike samples. The matrix spike sample provides information on the extraction efficiency of the 

method on the sample matrix. Clean sampling techniques will be used to process these samples. 

One matrix spike blank sample will be processed per sampling event. 

 

Table 4. Quality assurance sample types and volumes. One of each QA sample type will be 

collected and analyzed for each sampling event.  

 

Sample Type DOC (ml) Total Metals (ml) Dissolved Metals (ml) 

Travel Blank na  50 na 

Field Blank 40  50  50 

Field Duplicate 40  50  50 

Matrix Spike Blank 0  50 50 

Pump tubing Blank 40  50  50 

na: not applicable 

 

Chain-of-custody procedures for this project include the following:  

 Proper labeling of samples.  

 Use of chain-of-custody (COC) forms for all samples.  

 Prompt sample delivery to the laboratory.  

 

All aspects of the sample collection process, including generating field logs at each site and 

chains of custody (COC) forms, will be documented and tracked. COC forms will accompany all 

water samples to the laboratory for analysis. SCCWRP will retain a copy of all COCs. Physis 

will document and track all aspects of sample receipt, analyses, and reporting. 

 

 

Laboratory QA/QC for this project includes the following:  

 Use of the lowest available method detection limits (MDLs) for trace elements.  
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 Analysis of method blanks and laboratory duplicates.  

 Use of matrix spikes (to test analytical accuracy) and matrix spike duplicates (to 

test analytical precision).  

 Routine analysis of standard reference materials and method blanks.  

 

Sample Vial and Bottle Labeling  

Each sample will have a waterproof paper label affixed to the container and will be labeled at 
the time of collection. The following information will be recorded on the container label at 
the time of collection (Figure 3): 

 Project name 

 Sample identification 

 Date of sample collection 

 Analysis to be performed 
 

 

 

 

 

 

Figure 3. Sample label example. 

Project: MDR SSO 
Station: MdRH-E 

Sample #: 1 
Analysis: Total Copper 

Laboratory:  Physis 
Date: March 3, 2019 
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SAMPLE DELIVERY  

 

Samples will be stored and transported at 4±2°C. Water samples will be provided to the toxicity 

and chemistry testing laboratories on the same day that sample collection process is completed. 

The individual sample containers containing the marine water samples for chemical analysis will 

be picked up by the analytical chemistry laboratory for analysis. Contacts for the field or 

laboratory coordinators are shown in Table 5. Each sample must be accompanied by a COC form 

(Figure 3). 

 

Table 5. Agency contacts. 

Coordinator Agency Contact Name Email Phone 

Field SCCWRP Dario Diehl dariod@sccwrp.org 714 755-3212 

Toxicity SCCWRP Ashley Parks ashleyp@sccwrp.org 714 755-3216 

Chemistry Physis Rich Gossett richgossett@physislabs.com 714 602-5320 

 

 

REFERENCES 

 

USEPA. April 1995. Method 1669: Sampling Ambient Water for Trace Metals at EPA Water 

Quality Criteria Levels. EPA 821-R-95-034.   
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METHOD 1640:    
 
EXTRACTION OF TRACE METALS IN SEAWATER AND SEDIMENT 

 
REFERENCES: Battelle Pacific Northwest Laboratories, Marine Sciences 

Laboratory.  Standard Operating Procedure MSL-M-034-01.  APDC 
Extraction of Metals in Seawater. 

 
 Bloom, N.S. and Crecelius, B.A. 1984.  Determination of Silver in 

Seawater by Coprecipitation with Cobalt Pyrrolidine 
Dithiocarbamate and Zeeman Graphite-Furnace Atomic Absorption 
Spectrometry, Analytica Chimica Acta, 156, pp.139-145. 

 
 Danielsson, L., Magnusson, B., and Westerlund, S.  1978.  An 

Improved Metal Extraction Procedure for the Determination of 
Trace Metals in Sea Water by Atomic Absorption Spectrometry with 
Electrothermal Atomization, Analytica Chimica Acta, 98, pp. 47-57. 

 
 Jan, T.K. and Young, D.R.  1978.  Determination of Microgram 

Amounts of Some Transition Metals In Seawater by Methyl Isobutyl 
Ketone-Nitric Acid Successive Extraction and Flameless Atomic 
Absorption Spectrophotometry.  Analytical Chemistry, 50, No. 9, pp. 
1250-1253. 

 
 U.S. Environmental Protection Agency, Office of Water Engineering 

and Analysis Division (4303):  Method 1640. 
 

EPA Methods for Chemical Analysis of Water and Wastes, Method 
200.8, Revision 5.4  (May, 1994); NOAA Sampling and Analytical 
Methods of the National Status and Trends Program, Volume III, 
(1993) 

 
1.0     SCOPE AND APPLICATION 
 
1.1 This method provides procedures for the extraction and preconcentration  

of dissolved and particulate elements from aqueous samples using chelation and 
precipitation for subsequent analysis by inductively coupled plasma mass 
spectrometry (ICP-MS).  It includes stringent quality control (QC) and sample 
handling guidelines necessary to avoid contamination and ensure the validity of 
analytical results 2 
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during sampling and analysis.  The method contains QC procedures that will 
ensure that any possible contamination will be detected when blanks 
accompanying samples are analyzed.3 

 
   Table 1. 
ANALYTE SYMBOL AMU CASRN 

Aluminum (Al) 27 7429-90-5 
Antimony (Sb) 123 7440-36-0 
Arsenic (As) 75 7440-38-2 
Beryllium (Be) 9 744-38-2 
Cadmium (Cd) 111 7440-43-9 
Chromium-total (Cr) 52 7440-47-3 
Cobalt (Co) 59 7440-48-4 
Copper (Cu) 63 7440-50-8 
Iron (Fe) 56 or 57 7439-89-6 
Lead (Pb) 206, 207, or 208 7439-92-1 
Manganese (Mn) 55 7439-96-5 
Mercury (Hg) 202 7439-97-6 
Molybdenum (Mo) 98 7439-98-7 
Nickel (Ni) 60 7440-02-0 
Selenium (Se) 82 7782-49-2 
Silver (Ag) 107 7440-22-4 
Thallium (Tl) 205 7440-28-0 
Tin (Sn) 118 7440-31-5 
Titanium (Ti) 48  

Vanadium (V) 51 7440-62-2 
Zinc (Zn) 66 7440-66-6 

 
Table 1.  Target analytes in seawater samples extracted from both the APDC 
and iron-palladium procedures.  The CASRN is the Chemical Abstract Services 
Registry Number.  

 
Table 2. 

PARAMETER 

METHOD 
DETECTION 
LIMIT (ug/L) 

ACCEPTANCE 
RANGE (%) 

REPORTING 
LIMIT (ug/L) 

Aluminum (Al) 0.01 52-149 0.025 
Antimony (Sb) 0.01 44-97 0.025 
Arsenic (As) 0.01 71-112 0.025 
Barium (Ba) 0.5 70-130 1 

                                                 
 



 

Beryllium (Be) 0.005 62-113 0.01 
Boron (B) 0.5 70-130 1 
Cadmium (Cd) 0.005 69-100 0.01 
Calcium (Ca) 0.5 70-130 2 
Chromium (Cr) 0.005 85-133 0.01 
Cobalt (Co) 0.005 75-124 0.01 
Copper (Cu) 0.005 72-108 0.01 
Iodine (I) 0.5 70-130 1 
Iron (Fe) 0.01 35-97 0.025 
Lead (Pb) 0.005 56-116 0.01 
Lithium (Li) 0.01 70-130  
Magnesium (Mg) 5 70-130 10 
Manganese (Mn) 0.005 64-120 0.01 
Mercury (Hg) 0.005 68-117 0.01 
Molybdenum (Mo) 0.005 59-125 0.01 
Nickel (Ni) 0.005 68-118 0.01 
Potassium (K) 5 70-130 10 
Selenium (Se) 0.01 55-110 0.025 
Silver (Ag) 0.005 66-125 0.01 
Sodium (Na) 5 70-130 10 
Strontium (Sr) 0.01 70-130 0.025 
Thallium (Tl) 0.005 66-92 0.01 
Tin (Sn) 0.005 68-110 0.01 
Titanium (Ti) 0.005 95-143 0.01 
Vanadium (V) 0.005 95-140 0.01 
Zinc (Zn) 0.005 62-108 0.01 

 
Table 2.  The Approximate detection limits, acceptance range, and reporting limits for 
the target analytes in aqueous samples.  

 
2.0     SUMMARY OF METHODS    
 

2.1 An aliquot of a well-mixed, homogeneous sample is accurately measured 
for sample processing.  Target metals are chelated out of the aqueous 
sample using ammonium pyrrolidine dithiocarbamate (APDC).  The 
chelated precipitate is filtered onto a membrane filter and then digested in 
a nitric acid solution.4 

 
2.2 An aliquot of a well-mixed, homogeneous seawater sample is accurately 

measured for sample processing.  Target metals are co-precipitated out of 
the sample using borohydride Iron-Palladium reductive precipitation.  The 
precipitate is centrifuged out of the seawater matrix.  The metal-containing 
pellet is then digested with nitric acid.   

                                                 
 



 

 
2.3 An aliquot of sample is diluted from 10-100 times before it is acidified 

using HNO3 until the pH is <2.  The diluted, acidified sample must sit for a 
minimum of 16 hours before it can be analyzed. 

 
2.4 The sample is then analyzed using Inductively Coupled Plasma Mass 

Spectrometry (ICPMS) by pumping the sample through a nebulizer 
producing a fine spray.  An argon carrier gas atomizes the sample which 
is ionized and detected with a mass spectrometer.  Qualitative 
identification is based on the mass to charge ratio for each element.  It is 
recommended that samples be analyzed within 1 day of digestion. 

 
3.0     PREVENTION OF INTERFERENCE 

 
3.1 Samples may be contaminated by numerous routes.  Contamination by trace 

metals can occur due to the use of metallic or metal-containing labware (e.g., 
talc gloves which contain high levels of zinc), containers, sampling 
equipment, reagents, and reagent water during sampling.  Contamination also 
results from improperly cleaned and stored equipment, labware, and 
reagents, as well as from atmospheric inputs such as dirt and dust.  

 
3.2   The avoidance of contamination can be achieved by carrying out the    

                   following procedures: 
 

3.2.1 Clean sample containers, nucleopore filters, and filtration apparatus 
with acid and rinse with Milli-Q water.  Upon cleaning, store the 
labware in clean zip-type bags and place them in a plastic box. 

 
3.2.2 Keep samples and  glassware covered when possible.   

 
3.2.3 Ensure all materials that come into contact with the sample are 

nonmetallic.  Only the following materials should come into contact 
with samples: fluoropolymer (FEP, PTFE), conventional or linear 
polyethylene, polycarbonate, polypropylene, polysulfone, or 
ultrapure quartz.  All materials that will directly or indirectly contact 
the sample must be cleaned or must be known to be clean and 
metal free before proceeding.5 

 
3.2.4 Minimize exposure of sample to an uncontrolled atmosphere.   

  
3.3      ICPMS Interferences  

 
3.3.1 Chemical interferences are characterized by molecular compound 

formation, ionization effects and solute vaporization effects.  These 

                                                 
 



 

effects are not usually pronounced with the ICPMS technique due 
to the high temperature of the torch. 

 
3.3.2 Isobaric interferences are caused by isotopes of different elements 

which form singly or doubly charged ions of the same nominal 
mass-to-charge ratio and which cannot be resolved by the mass 
spectrometer.  All elements determined by this method have one 
isotope free of isobaric elemental interference except Selenium-82, 
which has isobaric interference from the Krypton impurities in the 
Argon gas supply.  This interference can be minimized by using 
high purity argon.  All data must be corrected by measuring the 
signal from another isotope of the interfering element and 
subtracting the appropriate signal ratio from the isotope of interest. 

 
3.3.3 Wing overlap interferences may occur when a small ion peak is 

being measured adjacent to a large one.  The potential for these 
interferences should be recognized and the spectrometer resolution 
adjusted to minimize them. 

 
3.3.4 Polyatomic interferences are caused by ions consisting of more 

than one atom which have the same nominal mass-to-charge ratio 
as the isotope of interest, and which cannot be resolved by the 
mass spectrometer.  The ions may be formed in the plasma or 
interface system from support gases or sample components.  Most 
of the common interferences have been identified and are listed 
within the instrument data system along with the elements affected.  
All data shall be corrected by measuring the signal from another 
isotope of the interfering element and subtracting the appropriate 
signal ratio from the isotope of interest.  Equations for the 
correction of the data are presented below in Table 3.6 

 
Table 3. 

ELEMENT MASS EQUATION 
Vanadium 51 (51)*1 - (53)*3.127 + (52)*0.353 
Arsenic 75 (75)*1 - (77)*3.132 + (82)*2.736 - (83)*2.761 
Selenium 82 (82)*1 - (83)*1.0087 
Molybdenum 98 (98)*1 - (99)*.0146 
Cadmium 111 (111)*1 - (108)*1.073 + (106)*0.764 

  
3.3.5 Physical interferences are effects associated with the sample 

nebulization and transport processes.  Properties such as the 
change in viscosity and surface tension can cause significant 
inaccuracies, especially in samples that may contain high dissolved 
solids and/or acid concentrations.  These interferences are greatly 

                                                 
 



 

reduced in this procedure by the use of mass flow controllers for 
the control of the argon flow rate, the use of a peristaltic pump for 
sample introduction, and the use of internal standards. 
 

4.0      SAFETY 
 

4.1      It is mandatory to wear a laboratory coat, closed-toe shoes, and safety 
glasses in the Laboratory.  Gloves shall be worn while working with 
samples and acids.  

 
4.2      All steps involving the use of concentrated acids shall be performed in a 

fume hood. 
 

4.3      Material Safety Data Sheets (MSDS) are on file and available at all times 
to personnel using hazardous materials.  It is the responsibility of 
everyone using these materials to be familiar with the potential hazards to 
the chemicals in their work area.  If the analyst is uncertain of the potential 
hazards of specific chemicals, contact a supervisor prior to using these 
chemicals. 

 
4.4       Extreme caution, awareness and knowledge of the location and safe use 

of fire extinguishers, eye wash fountains, and safety showers are required. 
 

4.5       Personnel performing this procedure shall be instructed in the safe use of 
acids, the requirements for protective equipment, and acid spill cleanup 
procedures.7 

 
5.0     APPARATUS AND MATERIALS 
 

5.1      APDC procedure 
 

5.1.1 250 ml polyethylene screw cap extraction bottles (Nalgene) 
 

5.1.2 Teflon forceps 
 

5.1.3 Polycarbonate filters; 47 mm, 0.45 μm pore size (Nucleopore) 
 

5.1.4 15 ml polyethylene screw cap centrifuge tubes 
 

5.1.5 Sonicator with heated water bath maintained at 65 ± 2 oC 
 

5.2   Iron-palladium procedure 
5.2.1 50 ml polycarbonate tapered centrifuge tubes with caps. 
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5.2.2  Centrifuge system 
 

5.2.3  Sonicator with heated water bath maintained at 65 ± 2 oC  
 
6.0      REAGENTS 
 

6.1       APDC 
 

6.1.1 Cobalt nitrate stock solution, 2000 mg/L- Dissolve 2.0 g cobalt 
metal (Fisher Scientific, certified) in 950 ml of Milli-Q water and 50 
ml HNO3 (Optima) 

 
6.1.2 Cobalt nitrate, 200 mg/L – Dilute 10 ml stock solution (6.1) to 100 

ml with Milli-Q water. 
 

6.1.3 Ammonium Pyrrolidine Dithiocarbamate (APDC), 2% solution 
(Fisher Scientific)- Dissolve 2.0 g APDC in 100 ml Milli-Q water.  
Store solution at 4 oC; but use at room temperature. 

 
6.1.4   Nitric acid 10%, ultrapure (Optima, Fisher Scientific)- Mix 10  

ml HNO3 into 90 ml Milli-Q water. 
 

6.1.5    Milli-Q water8 
 

6.2      Iron-palladium 
 

6.2.1 Nitric acid 20%, ultrapure (Optima, Fisher Scientific)- Mix 20  
 ml HNO3 into 80 ml Milli-Q water. 

 
6.2.2 Pure iron and palladium solution made 1:1, 1000 μg/ml (SPEX). 

 
6.2.3 Ammonium hydroxide, concentrated, ultrapure (Optima, Fisher 

Scientific). 
 

6.2.4   Sodium borohydride, 5% (Fisher Scientific)- Dissolve 0.5 g sodium  
borohydride in 10 ml Milli-Q water.  A fresh solution is made on day 
of extraction. 
 

6.2.5 Ammonium Pyrrolidine Dithiocarbamate (APDC), 2% (Fisher  
Scientific)- Dissolve 2.0 g APDC in 100 ml Milli-Q water.  Store 
solution at 4 oC; but use at room temperature. 
 

6.2.6 Milli- Q water 
 

                                                 
 



 

6.3 Reagent water-Water that is free from the metal(s) that would potentially 
interfere at the MDL for the metals listed in Tables 1 and 2.  The water is 
prepared by distillation, deionization, reverse osmosis, anodic/cathodic 
stripping voltammetry, or other techniques that remove the metals and 
potential interferants.  

 
6.4 Standard Stock Solutions- purchased from a reputable commercial source 

(Claritas ppt, SPEX CertiPrep Inc; Plasma Cal, SPC Science). 
 
7.0 CALIBRATION AND MAINTENANCE OF THE ICPMS 

 
7.1 Trace metal concentrations are determined by comparing the response 

of a known standard obtained from a certified source traceable to 
NIST. 

 
7.2 An initial calibration curve is performed on the instrument covering the 

expected range of concentrations in the samples before each batch of 
samples is run and every 12 hours during sample analyses.9   

 
7.2.1 Two different commercially available standard solutions are run at 

three or more concentrations.  The calibration standards are diluted 
to the appropriate levels of the operating range using reagent water 
containing 1% (v/v) nitric acid. 

 
7.2.2 The standard solutions are prepared the day the samples are run. 

All calibration solutions are spiked with 1 ml of internal standard 
solution containing 1000ng/ml of Rhodium and Thulium. 

 
7.3 The response factor is computed as follows: 

 
RF= As x Cis 
        Ais x Cs 

 

As:  height or area of the response at the m/z for the analyte 
Cis: concentration of the internal standard in the solution 
Ais: height or area of the m/z for the internal standard 
Cs: concentration of the analyte in the standard or blank solution 
7.3.1 Compute the mean RF for each analyte using the individual  

response factors at each concentration.  
 

7.3.2 If the RF value range is constant (<20%), the RF value is assumed  
to be invariant and thus used for calculations.  If the range varies 
significantly, the results can be used to plot a calibration curve of 
response ratios, As/Ais vs. RF. 
 

                                                 
 



 

7.4 Calibration Verification-  Initial calibration verification is performed 
immediately following calibration.  The ICPMS is adjusted until verification 
criteria are met.  After the criteria are met, the blanks and samples may be 
analyzed.  

 
7.5.1  A second-source calibration standard at a mid-level concentration is  

                                analyzed before running the samples and then again every 20          
                                samples. 

 
7.5.2   Using the mean RF value, the percent recovery of each metal is  

obtained using the calibration curve in the initial calibration.10 
 

7.5.3  Compare the recovery of each metal with the corresponding limit for  
the calibration verification in Table 4.  The response for the initial 
calibration can be used for the blanks and the samples if all of the 
metals meet the accepted criteria.  If a value fails to meet the 
acceptance range, the system’s performance is unacceptable for 
that compound.  The problem should be identified and amended, or 
a new calibration check standard should be prepared and the test 
repeated.   

 
Table 4. 

METAL CALIBRATION 
VERIFICATION 

Arsenic 85-115 
Cadmium 85-115 
Copper 85-115 
Lead 85-115 
Nickel 85-115 
Silver 85-115 
Zinc 85-115 

 
Table 4.  Quality control acceptance criteria for performance tests for freshwater 
and effluent samples in EPA method 1640.  All specifications are represented as 
percents.  The specifications for cadmium, copper, lead and nickel were 
calculated from validation conducted on ambient, freshwater samples.  

 
7.5 Tuning solution- this solution is used for mass calibration and instrument 

tuning before analysis.  The solution is composed of the same stock 
solutions that are used to obtain the calibration curve.  Internal standards 
are not added to this solution. 

 
7.6 Continuing calibration verification (CCV)- Aliquots of multi-element stock 

standard is added to an aliquot of reagent water.  The CCV is treated as a 

                                                 
10  



 

sample and digested as the other samples, when applicable.  The internal 
standards are added to the CCV as well.   

 
7.7 An instrument maintenance schedule is maintained for the Hewlett 

Packard 4500 ICPMS.  Dates and initials are recorded in a notebook 
located near the instrument.   

 
7.7.1 The instrument is serviced by the manufacturer at least once per 

year. 
 

8.0    QUALITY CONTROL 
 

8.1 QA/QC records are maintained to document the quality of data generated.  
If any element falls outside the designated range, that element has failed 
the acceptance criteria.  Failure to meet the stated requirement shall 
require that corrective action be taken to eliminate the problem prior to the 
analysis of any samples.  Samples from the batch being analyzed at the 
time the failure is detected shall be reanalyzed after the corrective action 
has been taken.  A batch is defined as 20 or less samples.  If any sample 
cannot be reanalyzed, the result for that element shall be flagged and a 
detailed report is included with the result.11 

 
8.1.1 Lab Blanks- Two process blanks (reagent blanks), where Milli-Q  

water is treated as a sample, are run with each batch of samples 
(15 or less samples).  The process blanks are used to assess if 
there is any internal contamination in the instrument.  No element 
shall be detected at greater than 3 times the method detection limit.  
A rinse blank is used to flush out the instrument between samples 
to avoid contamination between samples. 

 
8.1.2 Field Blanks- At least one field blank consisting of distilled water in 

a similar container as the sample container is transported to the 
sampling site.  The blank is exposed to the environment while the 
actual samples are being collected.   

 
8.1.3 Matrix Spikes- A matrix spike and matrix spike duplicate shall be 

analyzed with each batch of samples to determine precision for 
each element.  A control chart is generated to document the 
precision.  The relative standard deviation for all elements 
combined shall be within 15% and no single element shall be 
greater than 20% for those elements that are greater than 10 times 
the method detection limit. 
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8.1.4 Duplicate Samples- Each sample is extracted and analyzed in 
duplicate.  If the duplicates are not in agreement, then the sample 
is re-extracted and reanalyzed. 

 
8.1.5 CRM/LCM- Certified reference materials and/or lab control 

materials shall be analyzed with each batch of samples to evaluate 
accuracy for each element. The reported value shall be within 15% 
of the true value. 

 
8.1.6 Initial Calibration Check- Prior to analyzing any samples, an initial 

calibration of the instrument is performed with each batch of 
samples (15 or less).  This calibration shall be within 15% of the 
initial calibration curve (see Section 7.2). 

 
8.1.7 Internal Standards- Internal standards shall be added in known 

amounts to blanks, calibration standards, continuing calibration 
verification solutions, and samples to compensate for instrumental 
drift.  Elements that may be used are presented in Table 5.  
Relative response factors are used to correct responses of the 
target analytes.12 

 
 Table 5. Internal Standards 

INTERNAL STANDARD MASS 
Scandium (Sc) 45 

Yttrium (Y) 89 
Rhodium (Rh) 103 
Terbium (Tb) 159 
Thulium (Tm) 169 
Bismuth (Bi) 209 

 
 9.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

 
9.1 Sampling personnel are required to wear clean, nontalc gloves at all times  
      when handling sampling equipment and sample  
      containers. 
 
9.2   Before samples are collected, all sampling equipment and sample   

containers are cleaned by soaking in a 10% nitric acid solution for a minimum 
of 24 hours followed by five rinses with Milli-Q water.  The bottles are capped 
and individually double-bagged and placed in a clean plastic box.   

 
9.3   Sample bottles are opened only to collect the seawater sample and to add 

acid preservative.  Samples are preserved (at the sampling site or upon 

                                                 
 



 

return to the lab) with 1 ml of Optima concentrated nitric acid per liter of 
sample that will bring the pH ≤ 2.   

 
9.3.1 Samples must be acidified within 48 hours of sampling at 4 ± 2 oC 

until acidified.  
 
9.3.2 Once acidified, the samples must sit for at least 48 hours allowing 

the acid to completely dissolve the metals absorbed on the walls of 
the container. 

 
9.3.3 The sample must have a pH<2.  If the pH of the samples is >2, 

more acid will be added and they must sit for 16 hours.  The pH 
must be verified to be <2 before analysis. 

 
9.4   With each sample set, preserve a field blank, a method blank and a CCV 

(continuing calibration check) in the same way as the sample(s).13 
 
10.0     PROCEDURE  
 

10.1      APDC METHOD  
 

10.1.1 Before a sample can be processed, the sample pH should be 
verified/adjusted to pH ≤ 2.  Do not measure the pH directly from 
the original sample; rather, pour a small aliquot of sample into a 
separate container to verify the pH. 

 
10.1.2 Transfer a 200 ml aliquot from a well-mixed, acid preserved sample 

to a pre-calibrated polyethylene bottle. 
 

10.1.3 To the 200 ml sample add 1 ml of 200 mg/L cobalt nitrate solution.   
Cap the bottle and mix by shaking.  Let the  
solution stand for 2 minutes. 
 

10.1.4 Remove the cap, add 1 ml of 2% APDC and re-cap the bottle  
and shake gently for 1 minute.  This mixture is set aside to react for 
a minimum of 30 minutes. 

 
10.1.5 The mixture is filtered through an acid cleaned 0.45 μm Nucleopore  

filter using an acid cleaned Millipore vacuum filtration system.  The 
Nucleopore filter is handled with Teflon forceps. 

 
10.1.6 The empty polyethylene bottle that once contained the sample is  

subsequently rinsed with 5 ml of Milli-Q water (acidified to pH 2.0 
with Optima HNO3) and this is filtered through the Nucleopore filter.  

                                                 
 



 

This is repeated 2 times.  Finally, the Millipore vacuum filtration cup 
is rinsed with an adequate amount of acidified Milli-Q water to 
ensure any particles sticking to the sides are rinsed onto the  filter.    
This final step also ensures that all seawater matrix has been 
rinsed through the filter.  

 
10.1.7 The filter containing the filtrate is removed from the filtration        

system and folded into quarters ensuring no contact is made with 
the filtrate.  This is then inserted into a 15 ml acid cleaned 
centrifuge tube.  

 
10.1.8 Add 2 ml of 10 % Optima nitric acid into the centrifuge tube 

containing the filter using a clean pipette.14 
 

10.1.9  The tube containing the filter is placed in a sonicator with a water  
  bath maintained at 65 ± 2 oC and allowed to digest for 2 hours. 

 
10.1.10 Dilute sample (with filter) by adding 8 ml Milli-Q water, re-cap and  

  allow to cool.  The sample is now ready for analysis by ICP-MS. 
 
 10.1.11 The extracts can be stored at 4 ± 2 oC until analysis; however,  
  they should be analyzed as soon as possible after the extraction.  
 
 10.1.12 Internal standards are added just prior to analysis by ICP-MS. 
 
10.2 IRON-PALLADIUM METHOD 
 

10.2.1   Before a sample can be processed, the sample pH should be 
verified/adjusted to pH ≤ 2.  Do not measure the pH directly from 
the original sample; rather, pour a small aliquot of sample into a 
separate container and verify the pH. 

 
10.2.2   Transfer a 50 ml aliquot from a well-mixed, acid preserved 

sample to an acid cleaned 50 ml polycarbonate centrifuge tube. 
 

10.2.3  
10.2.4  To the 50 ml sample add 0.5 ml 1:1 1000 μg/ml of Fe/Pd solution 

with a clean pipette. 
 

10.2.5  Next, add 0.3 ml ammonium hydroxide to the sample and mix by 
shaking. 
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10.2.6  Then add 0.5 ml 5% NaBH4 solution, 0.25 ml 2% APDC solution 
and mix by shaking.  This sample is set aside to react for a 
minimum of 1 hour. 

 
10.2.7  After a minimum of 1 hour, the sample is centrifuged at 2500 rpm 

for 30 minutes.  Upon completion, the seawater matrix is carefully 
decanted and discarded. 

 
10.2.8  To the remaining pellet, add 1 ml 20% Optima nitric acid with a 

clean pipette. 
 

10.2.9  The centrifuge tube is placed in a sonicator with a water bath 
maintained at 65 ± 2 oC and allowed to digest for 2 hours or until 
all precipitate is dissolved.15 

 
10.2.10  After the digestion is complete and the extract(s) have reached 

room temperature, the sample(s) can be stored at 4 ± 2 oC until 
analysis by ICP-MS; however, they should be analyzed as soon 
as possible.  Internal standards can be added just prior to 
analysis by ICP-MS. 

 
10.3 Sample Analysis- Standards are prepared by serial dilutions before each  

run on the ICPMS.  The pipettes and autosampler tubes used for analysis 
and standards are calibrated before standards are run.  Pipettes are 
calibrated by weighing 1.000 ml of DI water (=1.000 gram) and calibration 
marks on the autosampler tubes are checked.   

 
10.3.1 Use volumetric flasks and calibrated pipettors to make calibration  

standards by diluting 10 mL of a commercially prepared stock 
solution to 100 mL.  The standard source laboratory and lot number 
of each of the standards used for each ICPMS run are recorded in 
the laboratory notebook. 

   
10.3.2 Mix standards by inverting and shaking a minimum of 10 times.  A  

dilution stock of 2% HNO3 and 1% HCl is used for all dilutions.       
Prepare 5 concentrations of calibration standards ranging from the       
method detection limit to at or above the maximum expected    
concentration in the sample. The standards in the boxes below are    
used in the calibration curves(see diagrams on pages 16 and 17). 

 
 
 
 

GENERAL CALIBRATION MIX (ng/ml) DILUTIONS 
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FOR LOW CONCENTRATION SAMPLES 
 
 
100,000 (or as provided by source laboratory) 
 
 
10,000 
 
 
1,000 
 
 
500  100 
  
   

50 10 
 
 

5  2   1 
 
 
 
 

GENERAL CALIBRATION MIX (ng/ml) DILUTIONS 
FOR HIGH CONCENTRATION SAMPLES 

(continuation of calibration mix of low concentrations)16 
 
 
100,000 (or as provided by source laboratory) 
 
 
 
10,000 
 
 
 
5,000  2,000  1,000 
 
 
 
 
 

 
CALIBRATION DILUTION FOR MERCURY STANDARDS (ng/ml) 

 
                                                 
 

Element Composition of Low Mix: 
 

Ag, Al, As, Ba, Be, Ca, Cd, Co, 
Cr, Cu, Fe, K, Mg, Mn, Mo, Na, 
Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V, 

Zn 

10x 

10x 

10x 2x 

2x 10x 

2x 
5x 

10x 

Element Composition of High Mix: 
 

Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, 
Mo, Na, Ni, Pb, Sr, Ti, V, Zn 

10x 

2x 
5x 

10x 



 

 100,000 (or as provided by source laboratory) 
 
 
 
1,000 
 
 
 
100 
 
 
 
10    
 
 
 
5   2   1 
 

 
10.3.3 Instrument parameters are stored in the computer program that 

operates the ICPMS.  These parameters are listed in Table 7.17 
 

10.3.4  
 Table 7. Instrument Parameters 

PARAMETER SETTING 
RF Power 1350 watts 

Acquisition Mode Spectrum Analysis 
Detector Mode Auto 

Acquisition Points/Mass 3 
Acquisition Repetitions 3 

Argon Flow Rate 16 L/min 
Nebulizer Concentric 

Sample Uptake Rate 0.4 mL/min 
Sample Uptake Time 90 sec 

Pump Stabilization Time 45 sec 
Rinse Time 15 sec 

Carrier Gas Flow Rate 1.26 L/min 
Auxilliary Gas Flow Rate 1.0 L/min 

Spray Chamber Temperature 2 °C 
Sample Depth 7.5 mm18 

 
 
 10.3.5 Fill the autosampler rinse container with deionized water.19 
                                                 
 
 

10x 

10x 

10x 

2x 5x 

10x 



 

 
 10.3.6   Empty the spray chamber drain bottle and fill to approximately 1/4    

  full with tap water.  It is important that the drain line from the spray   
  chamber be immersed in water to prevent fluctuations in the  
  plasma. 

 
 10.3.7 Turn on the argon gas supply. 

 
 10.3.8 Ignite the plasma and allow a minimum of 30 minutes for 

stabilization. 
 

 10.3.9 Check the system operating conditions by tuning the instrument 
according to the parameters listed in Table 8.  If parameters do not 
fall within these limits, retune the instrument per manufacturer’s 
procedures.  Once you are satisfied with the tune, save the 
parameters and print out a copy for the laboratory notebook. 

 
  Table 8 Optimal Tune Results 

 PARAMETER OPTIMAL RESULT 
Sensitivity for AMU 2 7,000 counts 

Sensitivity for AMU 89 15,000 counts 
Sensitivity for AMU 205 10,000 counts 

RSD for AMU 2, 89, & 205 < 5% 
Pulse to Analog Factors 100 ± 1 

Doubly Charged Ions < 3% 
Oxides < 1% 

Axis ± 0.05 AMU 
Peakwidth 0.65 - 0.75 AMU at 10% 

 
 10.3.10 Load the appropriate method file into the Chemstation data system.  

Complete the sample sequence table with the specified sample 
information and dilution factors.  Load the samples into the 
autosampler according to the order listed in the sequence file.  
Double check to make sure the standards, blanks, and samples are 
in the correct autosampler position assigned in the sequence file. 

  
  NOTE: The instrument may be set for automatic shutoff at the 

end of the sequence by adding the following 
command in the last line of the sequence file: 

 
   
  TYPE = Keyword 

 

                                                                                                                                                             
 



 

  KEYWORD = Command20  
 
  KEYWORD COMMAND = tune ”macro`shutdown.mac’,go” 
  (this must be typed exactly as written here) 

 
 10.3.11 Start the analytical sequence and make sure that it is operating 

properly. 
 
 
11.0    CALCULATIONS 
 
11.1   For water samples, concentration factors necessary for the subsequent  

ICP-MS analyses are calculated by dividing the original seawater volume by the 
final digestate volume.21 

22

                                                 
 
21  
 



STANDARD OPERATING PROCEDURE FOR THE 
DETERMINATION OF TOTAL ORGANIC CARBON (TOC)  
USING THE SHIMADZU SSM-5000A 

 
 
1.0.  SCOPE AND APPLICATION 
 
 This protocol describes a standard procedure for the determination of Total Organic Carbon 

(TOC) using the Shimadzu SSM-5000A  solid sample module. 
 
2.0.  SUMMARY OF METHOD 
 
 Samples are weighed in ceramic boats and inorganic carbon removed by HCl.  The samples 

undergo oxidative combustion infrared analysis. The boats are loaded into the elemental 
analyzer combustion reactor tube to be completely oxidized.   The CO2 generated from the 
combustion is measured by an infrared detector (non-dispersive infrared analysis (NDIR)) 
and results in a TOC peak that is correlated to the total CO2 concentration in the sample 
aliquot. 

 
3.0.  INTERFERENCE 
 
 3.1. All working surfaces and equipment should be clean and free of particles which can 

increase carbon levels in the samples.  Use aluminum foil on all working surfaces.  
Use latex gloves to prevent oils from the hand from getting into samples. 

 
3.2.   Ceramic boats should be cleaned with soap and water.  Soak in 2M Sulfuric acid for 

10 min.  Rinse with tap water,  Follow with D.I. water and kiln at 900 °C for at least 
20 min and store in a clean glass jar. 

 
3.3.   Weighing spatula should be cleaned with Kimwipes to prevent contamination 
between   samples. 
 
3.4.   Check gas cylinder pressure.   
 
 

   
4.0.  APPARATUS AND MATERIALS 
 
 4.1. Apparatus and materials 
 
 4.1.1. Shimadzu TOC-VCPH/CPN  and Shimadzu SSM-5000A Solid  Sample 

Module. 
 
 4.1.2. Sartorius balance capable of weighing  + 0.01 mg .  

 
4.1.2. Ceramic boats.  



 
4.1.3. Fume chamber for acid exposure 

 
4.1.4. Pasteur Pyrex borosilicate glass pipettes. 

                       
4.1.5. Mortar and pestle. 

 
4.1.6. Forceps 

 
 
 4.2. Gas Supply 
 
 4.2.1. Compressed Air. 
   
  
 4.3. Reagents 
 
 4.3.1. Cobalt oxide catalyst (pn. 630-00566) 
 
 4.3.2. Platinum catalyst.  (pn. 638-60202-01) 
 

4.3.3. Conc. HCl trace metals grade (Baker A508-500) 
 
4.3.4. Acetanilide Standard. 
 
4.3.5. Cyclohexanone-2,4-dinitro-phenylhydrazone C=51.79% N=20.14%  

 
4.3.6. PACS-1 Marine Sediment. Marine Analytical Chemistry Standard Program 
Institute   for Environmental Chemistry, Ottawa Canada. 
 
4.3.7. PACS-2 Marine Sediment. Marine Analytical Chemistry Standard Program 

Institute for Environmental Chemistry, Ottawa Canada. 
 
4.3.8. SRM 1941b Organics in Marine Sediment.  NIST 
 

 
 
5.0.  SAMPLE HANDLING AND PRESERVATION 
 
 5.1. Sample Handling 
   
 5.1.1. A chain-of-custody should be maintained as samples are received they are 

checked for damage and logged into the laboratory sample ID file. 
 
    
   5.2.   Sample Storage 
 



 5.2.1.  Store sediment samples in clean whorl pack bags or glass jars.  
 
 5.2.2.  Store sediment and filter samples in a freezer at –20 °C until analyzed. 
 
 

6.0.  PROCEDURE 
 

6.1. Sediment samples 
 
 6.1.1. Homogenize by stirring wet sediment with a glass rod. 
 
  6.1.2. Take at least 10g of sub-sample and freeze in beaker.  Also determine 

moisture content if necessary (see chap. 14). 
 
 6.1.3. Freeze dry at least 16 hours.   
 
6.1.4.   Grind sediment sample with mortar and pestle into a fine homogeneous 
powder. Store sample in a clean, labeled 5 ml. vial. 
 
6.1.5.   If soot carbon values are needed oxidize about 1 g of sample at 375° C for 24 
h in a glass Petri dish placed in a muffle furnace.  Treat oxidized sample for soot 
carbon as normal TOC sediment samples (incl. HCl treatment) 
 
6.1.6. Weigh about 40-50 mg. from each vial into a numbered clean ceramic boat 

and place in the holding container.   Record weight and number of ceramic 
boat for each sample. Reduce the impact of external contaminants by choosing 
a sample amount     that will produce a result close to the upper limit of the 
instrument (about 30mg C) 

 
 6.1.7. Go to 6.3. 

  
 
 6.2. Filter paper samples from TSS filtration apparatus. (2.5 cm diameter) 

 
6.2.1. Use entire filter with sample.  
 
6.2.2. Record weight of filtrate on each filter as determined from TSS analysis.  
 
6.2.3. Place the filter into a numbered glass petri dish and record number for each 

sample. 
 
6.2.4. Use clean dry filters as blanks and process as unknown samples. (subtract 

blank % value from unknown sample % value to determine final sample % 
value) 

 
6.2.5. Go to 6.5. 

. 



6.3. Prepare calibration standards and controls. 
 

6.3.1. Five Acetanilide standards are used to determine the calibration curve.   
    
   Acetanilide Standard #1        0.5 mg 

  Acetanilide Standard #2        2.5 mg 
  Acetanilide Standard #3        5.0 mg 

 
6.3.2. One set of Acetanilide and Cyclohexanone samples is processed for every 

batch of 10 samples.     
     
   Acetanilide Control         4-5 mg 
   Cyclohexanone Control      4-5 mg 

 
6.4. Add ~3-4 drops of 6N HCl to sediment or filter samples to remove inorganic carbon. 
 

6.4.1. Do not treat PACS-1 and PACS-2 with HCl.  Treat SRM 1941b with HCl. 
 
6.4.2. Do not expose Acetanilide standards or Cyclohexanone to HCl. 

 
6.4.3. Treat soot carbon samples with HCl. 

 
 6.5. Place under hood for several hours until HCl dries then place samples in drying oven 

set at 50° C for 24 hrs. to remove CO 2   produced from the reaction of HCl and 
inorganic carbon. 

 
6.6. Enter samples into program file.  
 
6.7. Instrument. 
 
 6.7.1. Turn TOC-VCPH/CPN and SSM-5000A instruments on. 
 
 6.7.2. Select TOC-ControlV Ver. 1.05 icon on desktop. 
 
  User:  System 
  Password:  TOC6001 
 
 6.7.3. Select sample table editor. 
 
 6.7.4. Highlight SSM5000A for TOC use. 
 
 6.7.5. Under file heading select [New] follow with [sample run] SSM 5000A choice. 
 

6.7.6. Insert calibration curve [SSM_cal_2013] into sample table.  Edit calibration 
points manually with new weights of standard.  

 



 Conc.:    71.09% 
 Weight:  0.5, 2.5, 5.0 mg   
 
6.7.7. Insert sample.  Use method SSM_method_2013.met. 
 
6.7.8. Open compressed air valve.  Under instrument heading select [connect].  

Follow selecting [use settings on PC].  TOC-VCPH/CPN instrument pressure 
will read 200 kPA and SSM pressure will read 200 kPA.  SSM carrier gas 
pressure should be set at 0.5 L/min.  SSM temp will start to rise to 900 °C and 
TOC-VCPH/CPN instrument to 680 °C.  Check background monitor for 
baseline position, fluctuation and noise before starting first sample. 

 
6.7.9. Under instrument heading select [start].  The screen will prompt “press 

[repeat] to start another replicate or [next] to continue the sample sequence”.  
Select [next].  Select [start] again and enter weight of sample.  Insert the 
sample into the SSM holding position, wait 2 minutes for ambient CO2 to 
clear from system.  In some cases it may take near 5 minutes for ambient CO2 
to clear from system.  Before running samples run blank to determine at what 
point in time ambient CO2 peak is appearing.  Slide sample into combustion 
chamber and press [start].  Open sample window to view sample peak profile.  
It will take approximately 2 minutes for a peak to begin (if ambient CO2 is 
present a peak will form before the 2 minute mark).  Sample run will end 
approximately after 5-6 minutes at which point a prompt will appear to pull 
sample boat back to the cooling position and finally sample change position.  
Repeat for each sample. 

   
   
7.0.  QUALITY ASSURANCE/QUALITY CONTROL 
 
  
 7.1. Control Samples  
 

7.1.1. One set of Acetanilide and Cyclohexanone samples is processed for every 
batch of 10 samples.     

                    
                                                                                                                              

Substances                               Theoretical Values %C 
                                                              

   Acetanilide                                              71.09                                  
   Cyclohexanone                                       51.79        
 
 7.2. Sample Replicate 
 

 7.2.1. One or more replicate samples are processed for each batch of 10 samples.  
The samples chosen should contain detectable amounts of TOC.  

 



  
 7.3. Standard Reference Material (SRM)  
 

7.3.1. A standard reference material (SRM) obtained from the Marine Analytical 
Chemistry Standard Program Institute for Environmental Chemistry should be 
processed for every batch of 10 samples. 

 
 
        Substances                                                          Values 
                                                                                           %C                         %TOC 
                             PACS-1                                           3.69   +   0.11 
   PACS-2             3.3 
   SRM 1941b                                            3.3                     2.99 +   0.24  
 
8.0.  SAFETY 
 

8.1. Analyst should wear gloves during sample preparation to prevent sample and 
chemical contact with the skin. 

 
 8.2. Analyst should read the MSDS for all the chemicals and reagents used and follow 

all safety recommendations outlined in the MSDS. 
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Southern California Coastal Water Research Project Toxicology Laboratory 
Standard Operating Procedure for Mussel Embryo Development Test 

 
I. Overview 
 
This method estimates the toxicity in aqueous samples by a 48 hour exposure of Mytilus 
galloprovincialis embryos.  The test endpoint is normal embryo development and 
survival.  The test is based on methods in the EPA’s Short-Term Methods for Estimating 
the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and 
Estuarine Organisms (EPA/600/R-95/136).  The purpose of this SOP is to detail the test 
procedure as specifically applied in our laboratory.  The SOP is intended to supplement 
the material in the protocol, not replace it. 
 
II. Supply Checklist 
 

o Deep trays for use as water baths (2) 
o Glass bread pan (2) 
o Seawater and DIW squirt bottles 
o pH, DO and conductivity meter/probes 
o Graduated cylinders 50-1000 ml for making gamete and solution dilutions 
o Automatic pipets 0.1 ml up to 10 ml 
o Water pump 
o Tubing  
o Thermometer 
o 250 ml, 400 ml and 1 L beakers (several) 
o Inverted microscope 
o Counter, 2 unit 
o Sedgwick-Rafter counting chamber 
o Perforated plunger to fit 250 ml, 400 ml and 1 L beakers 
o Nitex screening 100 μm or smaller openings 
o Razor blades 
o Eppendorf Pipet tips (100 μl, 1 ml and 10 ml) 
o Shell vials with translucent caps, 5 dram 
o Formalin, 30% borax buffered (see recipe below) 
o Dispenser for formalin to repeatedly deliver 1 ml 
o Pasteur pipets and bulbs (both 5 ¾ and 9 in) 
o Scintillation vial racks (plastic for exposure, cardboard for storage) 
o Spawning and gamete calculation data sheet 
o Glass or Fiberglass aquaria tanks (3) 
o Air pump 
o Pairing knife. 
o Air stones  
o UV Light –to pass seawater through 
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III. Animals Collection and Culturing 
 
Adult Bivalves (Mytilus galloprovincialis) are obtained from a commercial supplier. Set 
up glass aquaria in the cold room.  To each tank add about six inches of seawater the day 
before the mussels arrive. Temperature shock may cause the animals to spawn; therefore 
once you have received the mussels, the animals should be acclimated to the cold room 
by opening the travel cooler.  After about two hours of acclimation, transfer the mussels 
equally among the tanks, and add air stones. 
 
The seawater should be changed everyday.  Mussels can remain in holding under optimal 
conditions up to eight weeks from receiving date.  No food is given to the mussels while 
in holding. Water quality measurements (pH, ammonia, DO and salinity) should be made 
on the system on a weekly basis.   
 
IV. Test Design 
 
Summary of test conditions 
 
Type:  Static non-renewal 
Salinity:  32 ± 2 g/kg 
Temperature:  15 ± 1 C 
Duration:  48 hours 
Endpoint:  normality of development and survival 
Exposure volume:  10 ml 
Test containers:  29.35 x 55 mm (5 dram) glass shell vial with snap cap. 
Lighting:  Ambient laboratory 
Photoperiod:  16 hours Light and 8 hours Dark 
Salinity adjustment:  Hypersaline brine 
Dilution water:  natural seawater (activated carbon and 0.45 μm filtered) 
Water Quality:  DO, pH, salinity and ammonia (optional) 
Reference toxicant:  concurrent with each experimental batch, ammonia chloride or 
copper chloride 
 
Exposures should be conducted in 5 dram glass shell vials.  The vials should be 
vigorously rinsed with DIW and allowed to dry before use.  Vials should be labeled and 
randomly distributed in vials racks (based on our experiment set-up randomization 
program). 
 
The sample volume is 10 ml per replicate, with 4 replicates per concentration.  Include an 
additional 5 vials of 32 ‰ seawater to determine the actual embryo density.  After the 
samples are in the vials, the vials should be placed in the 15 ºC room for at least ½ hr 
before starting the exposure. The vials should be kept covered with parafilm whenever 
possible from the time of labeling through the end of the exposure to prevent cross 
contamination and evaporation. 
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V.  Sample Handling 
 
Care should be taken during sample preparation and dilution that cross contamination of 
glassware used for the samples and for the gametes does not occur.  The exposure vials 
should be covered at all times to prevent contamination. 
 
Samples having a salinity of less than 30 ‰ should be adjusted using hypersaline brine.  
To make the brine, first place a glass container (usually a 1 L beaker or 1 Gal jar) of 
seawater in a freezer for at least 18 hr.  Remove the container from the freezer and allow 
the ice to thaw at room temperature.  During the thawing process, occasionally pour off 
the thawed brine to a clean beaker.  When the salinity of the brine is close to the desired 
level, or the volume needed is achieved, final dilution of the brine to the desired level 
should be made using seawater.  The salinity of the brine used for sample adjustment 
should never exceed 80 ppt, as higher levels have been known to cause toxicity.  When 
testing samples that have no saline content (stormwater, sewage effluent, etc) it is usually 
desirable to make the brine at 64 ‰ so that a 50:50 mixture of sample and brine has a 
final salinity of 32 ‰.  We have found that brine may be stored in the refrigerator for up 
to a week. 
 
Water quality measurements are made at the beginning and end of the testing time.  
Separate sub-samples for water quality analysis of each test sample or dilution should be 
taken at the time the samples are prepared.  Samples should be measured for pH, DO and 
salinity.  Ammonia analysis should be considered optional. 
 
 
VI. Reference Toxicant 
 
Each test of field or laboratory samples should include a concurrent reference toxicant 
exposure to ammonia. Copper can be used as an alternative reference toxicant.  The 
reference toxicant exposure should include a control (0 μg/L) and five concentrations of 
ammonia.   
 
The ammonia concentrations are prepared with ammonium chloride.  The ammonia 
concentrations tested should be 0, 2.0, 4.0, 6.0, 8.0 and 10.0 mg/L.  First prepare a stock 
solution of 1000 mg/L ammonia with 0.297g of NH4Cl and 100 mL DIW.  Then use the 
stock solution to achieve these concentrations by adding 0.2, 0.4, 0.6, 0.8, and 1.0 mL of 
stock solution to seawater to make 100 ml of each concentration.  An ammonia sample 
will also be measured from each concentration on day 0 in order to calculate the actual 
total and unionized ammonia concentrations.  An extra vial for each concentration should 
be included at test initiation for water quality analysis at test termination.   
 
The copper reference toxicant concentrations are prepared by first making a stock 
solution of 10,000 μg/L copper.  This stock solution consists of 0.0268 g CuCl2·2·H20 in 
1 L DIW.  A working stock is prepared by diluting 10 ml of stock solution into 90 ml of 
seawater to produce a concentration of 1,000 μg/L. These concentrations are achieved by 
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adding 0.45, 0.65, 0.95, 1.39, 2.04, and 3.00 mL of working stock to seawater to make 
100 ml of each concentration. An approximately 40 ml sample of the highest 
concentration should be saved in a plastic container for copper concentration verification.  
This sample should be preserved by adding two drops of concentrated, redistilled nitric 
acid then storing it in the refrigerator. 
 
VII. Test Procedure 
 
A.  Before Spawning Mussels 

 
Fill about half full with 32  seawater two deep trays and heat with an aquarium 
heater to 20 ºC.  Place both bread pans and the pump with tubing in one of the 
trays.  With seawater, rinse about fifteen 250 ml beakers and fill with 75 mL of 
seawater at 15 ºC.   
 
Gently scrap off the barnacles and other encrusting organisms with a pairing knife 
from twenty mussels.  Then rinse animals with 32 ‰ seawater. 
 

B.  Mussel Spawning 
 

Place the animals into bread pans in the 20 ºC seawater bath.  Turn on the water 
pump so that there is flow in each pan.  Note initial time of mussel addition, look 
for spawning mussels, after 30 min. stop the pump.  Wait 15 min.  If no spawning 
occurs place the mussels in a 15 ºC, 32 ‰ seawater bath for 15 min. then start the 
process again.  At least two animals of each sex with good gamete quantity and 
quality are necessary. 
 

C.  Gamete Collection 
 

When individual animals are observed shedding gametes, remove them from the 
pan.  Rinse each animal individually thoroughly with 32 ‰ seawater and place in 
their own 250 mL beaker that has enough seawater to cover the animal at 15 ºC. 
 
Early in the spawning process, using a clean Pasteur pipet mix up the eggs in the 
beaker from one female and transfer about 0.5 ml of egg solution to the rafter cell.  
Check the eggs on the microscope at 100X power.  Greater than 90% of the eggs 
should be round, of average size, not clumped, and not containing germinal 
vesicles.  If the eggs appear to be of good quality, add a very small amount of 
sperm to the eggs in the Rafter cell.  Watch for motility of the sperm and the 
ability to fertilize.  Continue checking so that all of the males and females are 
tested in this manner. 
 

D.  Egg Counting 
 
Allow the eggs of the females that were deemed to be in good condition to settle 
to the bottom of their collection beakers.  Pour off most of the water from each 
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beaker, then pour the remaining water with the eggs through the 100 um nitex 
screen into a 1 L beaker.  After adding the eggs from all the “good” females, bring 
the water level in the beaker up to about 600 ml.  Allow the eggs to resettle (about 
½ hr.  After the eggs have settled, again pour off most of the water, then again 
pour the eggs through the nitex into a clean 1 L beaker.  Again bring the water up 
to about 600 ml. 
 
Put 9 ml of seawater into each of two scintillation vials, labeled A and B.  Using 
the perforated plunger mix the egg solution well and take a 1 ml sample and place 
it into vial A.  Mix vial A well and take 1 ml sample from it and place in vial B.  
Mix vial B well and place a 1 ml sample onto the Rafter cell.  Count all of the 
eggs on the Rafter cell on a microscope a 100X.  If total count is less than 30, then 
use vial A for counting.  Record the count in the appropriate place on the egg and 
sperm count form.  Take a second sample from vial B and count.  Record the 
second count.  If the two counts are within 20% calculate the mean.  If the counts 
are not within 20%, count one more sample before calculating the mean.  The egg 
density target should be about 5000-8000 eggs/ml.  This is a stock solution, so if 
the egg density is higher or lower it is ok; just use the actual value when 
calculating the embryo density.  Density must not be less than 1500.  If the 
density of the eggs is less than 1500, let the eggs settle and decant excess water.  
Recount the eggs as described above. 
 

 
E.   Sperm suspension 

 
Filter high quality sperm through a 100 um nitex screen into one beaker and make 
a note as to which animals were used on the mussel spawning data sheet. 
 

F.   Trial fertilization test  
 
A trial fertilization must be performed with each spawning event.  A series of 
sperm dilutions will be performed to achieve final sperm to egg ratio.  Use a 10 
mL pipet with the tip cut off to place10 mL of egg suspension into three 
scintillation vials.  Add 0.1, 0.3, and 1.0 mL of sperm suspension using pipets.  
Let these solutions sit for 1.5 –2.5 hours in the lab.  Transfer about 0.5 ml of egg 
solution to the rafter cell.  Check the eggs on the microscope at 100X power.  
Fertilized eggs will have a single polar body, a very small clear circle attached to 
an egg, or they will have multiple cells that look like Mickey Mouse ears.  Use the 
ratio of egg to sperm that has the lowest amount of sperm to achieve >90% 
fertilization.   
 
While the eggs are being fertilized, finish the egg counts and determine the 
eggs/mL concentration. (See Mussel Spawning Datasheet)  
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To calculate the sperm suspension volume necessary to add to the egg solution, 
take the volume of the egg suspension prepared in section D and multiply by the 
sperm to egg ratio determined in the trial fertilization.   
 

G.  Test Initiation 
 
Add sperm to eggs (embryo suspension), and use the perforated plunger to mix 
the suspension.  Adjust the embryo suspension density to 1500 – 3000/ ml.  Our 
target density and volume for the embryo suspension is 2500 embryos/mL in 
300mL of 32 ‰ seawater. (See Mussel Spawning Datasheet)  Achieve this by 
measuring out the needed amount of embryo stock solution and add 15 C 
seawater to a total value of 300mL.  Use the perforated plunger to mix the 
suspension.  Cover the beaker with parafilm and set aside until ready to use (do 
not let stand for more than one hour). 
 
On the mussel spawning record form record the time that you will add the embryo 
solution to the first vial.  Using the perforated plunger, continually agitate the 
embryo solution while adding 0.1 ml to each exposure container.  Be careful to 
insure that the embryo solution is added to the liquid in the exposure containers 
and does not contact the side of the vials first.  Record the time that you finish the 
embryo addition.  Recover the vials with the parafilm.  Record the temperature at 
which the exposure is being performed.  
 
The 5 additional vials of seawater will serve as the initial embryo density sub-
samples.  One mL of 30% borax buffered formalin will be added to each vial 
within minutes of the embryo solution addition.  These will be used to determine 
the survival in the controls and the other treatments. Record the counts on the 
embryo count form.  Calculate the actual embryo density by averaging the 5 sub-
samples.  
 
48 hours after the start of the addition of embryos, transfer the racks of exposure 
vials to the Biology Lab.  Terminate the test by adding 1 ml of 30% borax 
buffered formalin to each vial.  This should be done inside a fume hood.  The 
formalin should be dispensed from the re-pipettor.  Secure a snap cap on each vial 
and give the vial a quick swirl to insure that the formalin is evenly distributed.  
This task is made easier with two people; one adding the formalin and the other 
capping and swirling the vials. 
 

VIII. Microscopic Evaluation 
 
The samples can be evaluated whenever convenient.  There is not a known maximum 
holding time for preserved samples. 
 
The samples are evaluated by placing the entire vial in a small petri dish and placing this 
over the objective port on the stage of the inverted microscope.  The embryos are easily 
viewed at 100 X.  Start at the top of the vial and move across to the opposite side, scoring 
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all “D” shape embryos as normal and those without the “D” shape as abnormal.  Move 
the stage down one field of view and make another complete pass of the vial; continue 
this process until the entire vial has been counted.  Record the results on the mussel 
embryo development examination data sheet and put a colored dot on the cap to designate 
it as counted. 
 
 
IX. Data Analysis 
 
There are three endpoints that can be analyzed.  One endpoint is the percent normal.  In 
this case the number of normal embryos is divided by the total number of normal and 
abnormal embryo present in a vial then multiplied by 100.  A second endpoint is percent 
normal alive, which is the number of normal embryos present in the vial divided by the 
mean of the initial count multiplied by 100.  The third endpoint is percent alive.  In 
figuring the percent alive one assumes that if embryos are present, no matter what 
condition, then they are alive.  To calculate percent alive sum of both the normal and the 
abnormal embryos and divide by the mean of the initial count of embryos multiplied by 
100. 
 
Enter the endpoint data into the Excel spreadsheet by container number.  The means and 
standard deviations are calculated automatically by the spreadsheet.  For each 
experiment, run an ANOVA and Dunnett’s test using Toxstat.  Use a point estimation 
program (such as Toxstat) to calculate the EC50 using the probit method. 
 
The reference toxicant data are similarly entered in the appropriate Excel spreadsheet.  
Calculate the EC50 as above and plot this value on the running laboratory control chart 
for this bioassay. 
 
 
 
X.  Quality Assurance 
 
Test Acceptability Criteria 
 
Mean normal development in the controls must be at least 90%.  Mean survival in the 
controls must be > 50%.  The percent minimum significant difference (MSD) must be 
less than 25%.   
 
Reference toxicant results 
 
The reference toxicant EC50 should fall within two standard deviations of the mean on 
the control chart.  If the EC50 falls outside this range, results of concurrent tests should 
be examined carefully.  The investigator should include a discussion of the significance 
of the exceedance in any report of the data. 
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Deviations from test conditions 
 
Deviations from acceptable test conditions must be recorded (i.e. temperature out of 
range).  Best professional judgment will be applied to determine whether the deviation 
was significant enough to render the results of the test questionable.  The investigator 
should include a discussion of the significance of the deviation in any report of the data. 
 
 
XI. Cleaning procedures 
 
The exposure vials are used as shipped except that they should be vigorously rinsed with 
DIW and allowed to dry before use.  All glassware and plastic ware used in handling the 
gametes or samples should be processed under the normal toxicology lab cleaning 
procedure to remove metals and organics. 
 
After it is decided that the embryo samples can be discarded, the vials should be emptied 
into the sink under a fume hood with running water.  The vials should then be rinsed once 
with tap water and then discarded in the trash.  To prevent injuries from broken glass, it 
best to accumulate the discarded vials in a separate trash bag and then discard directly to 
the dumpster. 
 
 
XII. References 
 
USEPA, 1995.  “Short-term methods of estimating the chronic toxicity of effluents and 
receiving water to west coast marine and estuarine organisms.  National Exposure 
Research Laboratory, Office of Research and Development.  Cincinnati, Ohio. 
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Mussel Spawning Data Sheet 
 
Experiment No.  ___________          Animal Source __________________ 
Date ____________________           Time in Culture _________________ 
Temperature of Water Bath __________________ 
 
Mussel No. Induction Spawn Sex Comments 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

 
Pooled eggs from mussels _____________________ 
Pooled sperm from mussels ____________________ 
 
Egg Counts 
Sample Dilution Count Eggs/mL 

    

    

    

    

 
For 300 mL of embryo suspension at 2500 embryos/mL use: 
 300 x 2500 / (counted eggs/mL) = mL of egg stock 
 
750000 eggs / ___________ eggs/mL = _____________ mL of egg stock 
 
Time of embryo addition _________________ 
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 Mussel Bioassay Number  
EMBRYO EXAMINATION 

 

 
Initials 

Count 
Date 

Vial 
Number 

Sample Normal Abnormal % Normal 
Alive 
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1 QUALITY ASSURANCE PROJECT PLAN OVERVIEW 
 

This Quality Assurance Project Plan (QAPP) establishes quality assurance (QA) objectives 
for conducting sampling and evaluation activities described in the Work Plan. The methods 
and QA procedures described herein will be followed by the Southern California Coastal 
Water Research Project (SCCWRP) and its contractors during various sample collection and 
data analysis activities beginning in 2019. 

 
 

Field and laboratory activities will be conducted in such a manner for the results to meet 
specified data quality objectives (DQOs). Guidance for QA/quality control (QC) is derived 
from protocols developed for the U.S. Environmental Protection Agency (USEPA) SW-846 
(2007), the USEPA Contract Laboratory Program National Functional Guidelines (USEPA 
2009, 2010, 2014), and the methods described in Section 3 below. 

 
 
 

2 FIELD QUALITY CONTROL 
 

2.1 Data Collection, Processing, and Sampling Forms 
 

All field activities will be recorded on field forms logged by field staff. Field forms will 
provide a description of sampling activities, a list of sampling personnel, weather conditions, 
and a record of all modifications to the procedures and plans identified in this QAPP if 
necessary. Field information will be recorded as shown in Attachment 1. 

 
 

The following forms, included as Attachment 1, will be used to record pertinent collection, 
processing, and sampling information: 

 

• Chain-of-custody (COC) form 
• Daily log and sampling form 
• Water profiling instrument calibration form 

 

 
 

2.2 Sample Identification and Labels 
 

Samples will be identified with a sample identifier that specifies the waterbody or site 
(Marina del Rey Harbor [MdRH]), basin or station location, and sample number. 
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An example sample identifier for the first sample collected from Basin E, would be: 

MdRH-E1 
 

An example sample identifier for a field blank of the decontaminated sample processing 
equipment after sample collection of the above sample would be: 

 

FB-20150630 
 

An example sample identifier for a field duplicate sample collected from Basin E, would be: 

MdRH-E1-FD 

Each sample will have a waterproof paper label affixed to the container and will be labeled at 
the time of collection. The following information will be recorded on the container label at 
the time of collection: 

 

• Project name 
• Sample identifier 
• Date of sample collection 
• Analysis to be performed 
• Depth 

 
 

An example label would be: 
 
 
 

Project: MDR SSO 
Sample ID: MdRH-E1 

Sample #: 1 
Analysis: Total Copper 

Laboratory:  Physis 
Date: March 3, 2019 

Depth: Surface 
 
 
 

2.3 Sample Custody and Shipping Requirements 
 

Samples are considered to be in one’s custody if they are in the custodian’s possession or view 
or in a secured location with restricted access. 

 
 

COC procedures will be followed for all samples throughout the collection, handling, and 
analysis process. The principal document used to track possession and transfer of samples is 
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the COC form (Attachment 1).  Each sample will be represented on a COC form the day it is 
collected. All entries on the COC form will be made using indelible ink pen. Corrections will 
be made by drawing a single line through the error, writing in the correct information, and 
dating and initialing the change. Blank lines/spaces on the COC form will be lined-out, dated, 
and initialed by the individual maintaining custody. 

 
 

A COC form will accompany each group of samples to the analytical laboratory. Each person 
who has custody of the samples will sign the COC form and ensure that the samples are not 
left unattended unless properly secured. Copies of all COC forms will be retained in the 
project files. 

 
 

Each cooler containing samples for analysis will be hand-delivered to Physis Environmental 
Laboratories, Inc. (Physis) the same day of sample collection or the following morning. In 
the event that Saturday delivery is required, the field coordinator(s) will contact the 
analytical laboratory on Friday to ensure that the laboratory is aware of the number of 
samples to be transferred. Following each shipment, the field coordinator(s) will call the 
laboratory and verify the shipment from the day before was received and is in good 
condition.  Samples will be packed with ice to maintain recommended storage temperatures 
of 4°C. Ice will be sealed in separate double plastic bags and placed in the transportation 
coolers. Individual sample containers will be placed in a sealable plastic bag, packed to 
prevent breakage, and transported in an ice chest or other suitable container. The shipping 
containers will be clearly labeled with sufficient information (name of project, time and date 
of collection, and contact person) to enable positive identification. 

 
 

Upon transfer of sample possession to the analytical laboratory, the persons transferring 
custody of the sample container will sign the COC form. Upon receipt of samples at the 
laboratory, the receiver will record the condition of the samples on a sample receipt form. 
COC forms will be used internally in the laboratory to track sample handling and final 
disposition. 
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2.4 Field Measurement Quality Objectives 

 

Field measurement quality objectives include calibration and measurement accuracy for 
measurements including dissolved oxygen, pH, temperature, or salinity. Table B-1 
summarizes the measurement quality objectives for field measurements. Field QC samples 
will also be collected and analyzed by the laboratory as indicated in Table B-2. 

 

 
 

3 ANALYTICAL CHEMISTRY LABORATORY QUALITY CONTROL 
 

3.1 Summary of Analytical Methods 
 

All sample analyses will be conducted in accordance with approved methods: USEPA 1640 
for total and dissolved metals analysis and USEPA 9060afor the analysis of total organic carbon 
by combustion or oxidation. Metals analysis will be conducted at Physis, which is accredited 
under California’s Environmental Laboratory Accreditation Program ELAP (CA ELAP; 
Certificate No. 2769). Toxicity testing and DOC analysis will be conducted by SCCWRP. The 
contact person for the toxicity laboratory is Darrin Greenstein, who can be reached via email 
at darring@sccwrp.org or by phone (714) 755-3224. The contact person for the chemical 
laboratory is Rich Gossett, who can be reached via email at richgossett@physislabs.com or by 
phone at (714) 602-5320, ext. 201. 

 
 

Prior to analysis, all samples will be maintained according to the appropriate holding times 
and temperatures for each analysis according to Table B-3. Table B-4 presents the analytes, 
analytical methods, and targeted reporting limits (RLs) for the chemical testing. Each 
participating laboratory will prepare detailed reports in accordance with Sections 3.5.6 and 
4.1 of this QAPP. Those reports will be included as an appendix in the appropriate data 
report. 

 
 

Prior to sample analysis, the laboratory will calculate method detection limits (MDLs) and 
method reporting limits (MRLs) for each analyte of interest, where applicable. MRLs will be 
at or below the values specified in Table B-4. Results detected above the MDL and below the 
MRL will be reported with a “J” qualifier. If required RLs are not achieved, some 
modifications to the methods may be necessary. These modifications from the specified 
analytical methods will be provided by the laboratory when establishing the laboratory 
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contract and must be approved by Los Angeles County Public Works 
(LACPW) and the Technical Advisory Committee (TAC) prior to implementation. 

 
 

When completing chemical analyses for this project, the contract laboratories are expected to 
meet the following minimum requirements: 

 

• Adhere to the methods outlined in this QAPP, including methods referenced for each 
analytical procedure (Table B-4). 

• Deliver scanned and electronic data deliverables, as specified. 
• Meet reporting requirements for deliverables. 
• Meet turnaround times for deliverables. 
• Implement QA/QC procedures discussed in this QAPP and its tables including DQOs, 

laboratory QC requirements, and performance evaluation testing requirements. 
• Notify the project manager of any QA/QC problems when they are identified to allow 

for quick resolution. 
• Allow laboratory and data audits to be performed, if deemed necessary. 

 

 
 

3.2 Analytical Laboratory QA/QC Overview 
 

Laboratory QC procedures, where applicable, include initial and continuing instrument 
calibrations, laboratory control materials (LCMs), laboratory control samples (LCSs), 
laboratory duplicates, matrix spikes (MS), and method blanks. Table B-5 lists the frequency 
of analysis for laboratory QA/QC samples, and Table B-6 summarizes the DQOs for 
precision, accuracy, and completeness. 

 
 

QC sample results from each sample group will be reviewed by the analyst immediately after 
a sample group has been analyzed (Table B-6). QC sample results will then be evaluated to 
determine if control limits have been exceeded. If control limits are exceeded in the sample 
group, the QA/QC Manager will be contacted immediately and corrective action (e.g., 
method modifications followed by reprocessing the affected samples) will be initiated prior 
to processing a subsequent group of samples. 
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3.3 Laboratory Instrument Calibration and Frequency 

 

An initial calibration will be performed on each laboratory instrument to be used at the start 
of the project, after each major interruption to the analytical instrument, and when any 
ongoing calibration does not meet method control criteria. An initial calibration verification 
(ICV) will be analyzed following each initial calibration and will meet method criteria prior 
to sample analysis. Continuing calibration verifications (CCVs) will be performed daily prior 
to any sample analysis to track instrument performance. The frequency of CCVs varies with 
the method. For metals and inorganic methods, one CCV will be analyzed for every 10 field 
samples, or daily, whichever is more frequent. If the ongoing continuing calibration is out of 
control, the analysis will be halted until the source of the control failure is eliminated or 
reduced to meet control specifications. All project samples analyzed while instrument 
calibration was out of control will be reanalyzed. Instrument blanks or continuing calibration 
blanks (CCBs) provide information on the stability of the baseline established. CCBs will be 
analyzed immediately prior to or following CCV at the instrument for each 
type of applicable analysis. 

 

 
 

3.4 Laboratory Quality Control 
 

3.4.1 Laboratory Duplicates/Replicates 
 

Laboratory duplicates provide information on the precision of the analysis and are useful in 
assessing potential sample heterogeneity and matrix effects. Laboratory duplicates are 
subsamples of the original sample that are prepared and analyzed as a separate sample. 

 
 

3.4.2 Matrix Spikes and Matrix Spike Duplicates 
 

Analysis of MS samples provides information on the extraction efficiency of the method on 
the sample matrix. 

 
 

3.4.3 Method Blanks 
 

Method blanks are analyzed to assess possible laboratory contamination at all stages of 
sample preparation and analysis. The method blank for all analyses must be less than the 
MRL of any single target analyte/compound. If a laboratory method blank exceeds this 
criterion for any analyte/compound, and the concentration of the analyte/compound in any 
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of the samples is less than five times the concentration found in the blank (10 times for 
common contaminants), analyses must stop and the source of the contamination must be 
eliminated or reduced. 

 
 

3.4.4 Laboratory Control Samples 
 

LCSs are analyzed to assess possible laboratory bias at all stages of sample preparation and 
analysis. The laboratory control sample is a matrix-dependent spiked sample prepared at the 
time of sample preparation along with the preparation of samples and MS samples. The 
laboratory control sample will provide information on the precision of the analytical process 
and, when analyzed in duplicate, will provide accuracy information as well. 

 
 

3.4.5 Laboratory Control Material 
 

Laboratory Control Materials (LCMs) are substances of the same or similar matrix to the 
project samples. In this study, the LCM will be Physis seawater, which will be used as a 
reference for background concentrations in clean, natural seawater. The LCM will be 
prepared and analyzed in the same manner as routine samples and in the same preparation 
and analytical batch. The recovery of the target analyte(s) provides information on 
interferences caused by the sample matrix. 

 
 

3.4.6 Laboratory Deliverables 
 

Data packages will be checked for completeness immediately upon receipt from the laboratory 
to ensure that data and QA/QC information requested in Section 3.5.6 are present. 
 

3.4.7 Granite Canyon Seawater 
 

The decision to use seawater from Granite Canyon is based on its history of having low DOC 
and metals concentrations as well as no ambient toxicity. These parameters will all be analyzed 
in the unspiked control during the WER study. Additionally, an outside contract laboratory 
will provide duplicate toxicity testing of this water as described in the Work Plan. No specific 
holding time will be implemented for this water; however, holding time will be minimized and 
documented. Recently collected water will be used for each test. 
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3.5 Data Quality Objectives and Criteria 
 

The DQOs for this project are to ensure that data collected are of known and acceptable 
quality. The quality of laboratory data is assessed by precision, accuracy, and completeness. 
Definitions of these parameters and the applicable QC procedures are given below. 
Frequency of QC samples is listed in Table B-5. Applicable quantitative goals for these data 
quality parameters are listed or referenced in Table B-6. 

 
3.5.1 Precision 

 

Precision is the ability of an analytical method or instrument to reproduce its own 
measurement. It is a measure of the variability, or random error, in sampling, sample 
handling, and laboratory analysis. 

 
 

In the laboratory, "within-batch" precision is measured using replicate sample or QC analyses 
and is expressed as the relative percent difference (RPD) between the measurements. 
"Batch-to-batch" precision is determined from the variance observed in the analysis of 
standard solutions or LCSs from multiple analytical batches. 

 
 

Field precision will be evaluated by collecting blind field duplicates for chemistry samples. 
Field chemistry duplicate precision will be screened against a RPD of 35 percent. However, 
no data will be qualified based solely on field duplicate precision. 

 

 

Precision measurements can be affected by the nearness of a chemical concentration to the 
MDL, where the percent error (expressed as RPD) increases. The equation used to express 
precision is as follows: 

 

 
(C1  − C2 ) × 100% 

RPD = 
(C1 

 

+ C2 

 

)/2 

Where:  

RPD = relative percent difference 
C1 = larger of the two observed values 
C2 = smaller of the two observed values 
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3.5.2 Accuracy 
 

Accuracy is a measure of the closeness of a measurement to the true or expected value. 
Accuracy is determined by calculating the mean value of results from ongoing analyses of 
laboratory-fortified blanks, LCMs, and standard solutions. In addition, laboratory-fortified 
(i.e., MS) samples will be measured; this sample type indicates the accuracy or bias in the 
actual sample matrix. Accuracy is expressed as percent recover (%R) of the measured value, 
relative to the true or expected value. If a measurement process produces results which are 
not the true or expected value, the process is said to be biased. Bias is the systematic error 
either inherent in a method of analysis (e.g., extraction efficiencies) or caused by an artifact 
of the measurement system (e.g., contamination). Analytical laboratories use several QC 
measures to eliminate analytical bias, including systematic analysis of method blanks, LCSs, 
and independent calibration verification standards. Because bias can be positive or negative, 
and because several types of bias can occur simultaneously, only the net, or total, bias can be 
evaluated in a measurement. 

 
 

Laboratory accuracy will be evaluated against quantitative laboratory control sample, MS, 
and surrogate spike recovery performance criteria provided by the laboratory. Accuracy can 
be expressed as a percentage of the true or reference value, or as a %R in those analyses 
where reference materials are not available and spiked samples are analyzed. 

 
 

The equation used to express accuracy is as follows: 
 
 

%R =  100% x (S-U)/Csa 
 
 

Where:  

%R = percent recovery 
S = measured concentration in the spiked aliquot 
U = measured concentration in the unspiked aliquot 
Csa = concentration of spike added 

 
 

Field accuracy will be controlled by adherence to sample collection procedures outlined in 
the sample collection sections of this QAPP. 
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3.5.3 Completeness 
 

Completeness is a measure of the amount of data that is determined to be valid in proportion 
to the amount of data collected. Completeness will be calculated as follows: 

 
 

C = [(Number of acceptable data points) x 100]/ (Total number of data points) 
 

The DQO for completeness for all components of this project is 95 percent. Data qualified as 
estimated because QC criteria were not met will be considered valid for the purpose of 
assessing completeness. Data qualified as rejected will not be considered valid for the 
purpose of assessing completeness. 

 
 

3.5.4 Sensitivity 
 

Analytical sensitivities must be consistent with, or lower than, the values listed in Table B-4 
in order to demonstrate compliance with this QAPP. When achievable, target reporting 
limits specified will be at least a factor of 2 less than the analyte’s corresponding target 
criteria. 

 
 

The MDL is defined as the minimum concentration at which a given target analyte can be 
measured and reported with 99 percent confidence that the analyte concentration is greater 
than zero. Laboratory RLs are defined as the lowest level that can be reliably achieved within 
specified limits of precision and accuracy during routine laboratory operating conditions. 
Laboratory MDLs and RLs will be used to evaluate the method sensitivity and/or applicability 
prior to the acceptance of a method for this program. 

 
 

The sample-specific MDL and RL will be reported by the laboratory and will take into 
account any factors relating to the sample analysis that might decrease or increase the RL 
(e.g., dilution factor, percent moisture, sample volume, or sparge volume). In the event that 
the MDL and RL are elevated for a sample due to matrix interferences and subsequent 
dilution or reduction in the sample aliquot, data will be evaluated to determine if an 
alternative course of action is required or possible. The sample-specific RL will be provided 
in the project database. 
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3.5.5 Field Data Management 
 

Field data forms will be checked for completeness and accuracy by the field coordinator(s) 
prior to delivery to the project manager(s) and disbursement to rest of the project team. 
Original forms will be retained and filed in a project binder after data entry and checking are 
complete. 

 
3.5.6 Analytical and Chemistry Records and Deliverables 

 

Analytical data records will be retained by the laboratory and in the project files. For all 
analyses, data reporting requirements will include items necessary to complete data 
validation. Laboratory analytical reports will be provided in electronic format, including the 
scanned PDF of the report and the Electronic Data Deliverable (EDD). The analytical 
laboratory will be required, where applicable, to report the following: 

 

• Project Narrative. This summary, in the form of a cover letter, will discuss problems, if 
any, encountered during any aspect of analysis. This summary should discuss, but is 
not be limited to, QC, sample shipment, sample storage, and analytical difficulties. 
Any problems encountered, actual or perceived and their resolutions will be 
documented in as much detail as appropriate. The narrative should also include final 
dilution volumes for all samples analyzed at a dilution in which one or more analytes 
is reported as not detected. 

• COC Records. Legible copies of COC forms will be provided. This documentation 
will include the time of receipt and condition of each sample received by the 
laboratory. Additional internal tracking of sample custody by the laboratory will also 
be documented on a sample receipt form. The form must include all sample shipping 
container temperatures measured at the time of sample receipt. 

• Sample Results. Results for each sample analyzed will be provided. The summary 
will include the following information when applicable: 

 
− Field sample identifier and the corresponding laboratory identification code 
− Sample matrix 
− Date of sample preparation 
− Date and time of analysis 
− Identification of the instrument used for analysis 
− Analytical results with reporting units identified 
− Data qualifiers and their definitions 
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• QA/QC Summaries. Results of the laboratory QA/QC procedures will be provided. 
Each QA/QC sample analysis will be documented with the same information required 
for sample results (see above). No recovery or blank corrections will be made by the 
laboratory. The required summaries are listed below; additional information may be 
requested. 
− Method Blank Analysis. The method blank analysis associated with each sample 

and the concentration of all compounds of interest identified in these blanks will 
be reported. 

− MS Recovery. MS recovery data will be included. The name and concentration of 
all compounds added, %R, and range of acceptable recoveries will be listed. The 
recoveries and RPD for all MS duplicate analyses will be reported. 

− Laboratory Duplicate. The RPD for all laboratory duplicate analyses will be 
included. 

− Laboratory Control Sample. All laboratory control sample recovery data will be 
included. The name and concentration of all compounds added, %R, and range of 
acceptable recoveries will be listed. The recoveries and RPD for all laboratory 
control sample duplicate analyses will be reported. 

 

 
 

All instrument data will be fully restorable at the laboratory from electronic backup. 
Laboratories will be required to maintain all records relevant to project analyses for a 
minimum of 7 years. Data validation reports will be maintained in the project files with the 
analytical data reports. 

 
 

3.5.7 Data Reduction 
 

Data reduction is the process by which original data (analytical measurements) are converted 
or reduced to a specified format or unit to facilitate data analysis. Data reduction requires that 
all aspects of sample preparation that could affect the test result, such as sample volume 
analyzed or dilutions required, be taken into account in the final result. It is the laboratory 
analyst’s responsibility to reduce data, which are subjected to further review by the 
laboratory manager, the project manager, and independent reviewers. Data reduction may 
be performed manually or electronically. If performed electronically, all software used must 
be demonstrated to be true and free from unacceptable error. 
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3.6 Data Validation and Usability 
 

3.6.1 Data Review, Validation, and Verification 
 

During the validation process, analytical data will be evaluated for method QC and 
laboratory QC compliance, and their validity and applicability for program purposes will be 
determined. Based on the findings of the validation process, data validation qualifiers may be 
assigned. Validated project data, including qualifiers, will be entered into the Excel project 
database, thus enabling this information to be retained or retrieved as needed. 

 

3.6.2 Validation and Verification Methods 
 

Data validation includes review for completeness and accuracy by the field coordinator(s) and 
laboratory manager; review by the QA/QC manager (or designee) for outliers and omissions 
and the use of QC criteria to accept or reject specific data. All data will be entered into the 
Excel project database. 

 
 

Laboratory data will be reviewed and verified to determine whether all DQOs have been met 
and that appropriate corrective actions have been taken, when necessary. Calculations will 
be verified by the laboratory. The project manager or designee will be responsible for the 
final review of all data generated from sample analyses. 

 
 

The first level of review will take place in the laboratory as the data are generated. The 
laboratory manager (or designee) will be responsible for ensuring that data generated meet 
minimum QA/QC requirements and that the instruments were operating under acceptable 
conditions during data generation. DQOs will also be assessed at this point by comparing the 
results of QC measurements with pre-established criteria as a measure of data acceptability. 

 
 

Data packages will be checked for completeness immediately upon receipt from the 
laboratory to ensure that data and QA/QC information requested are present. A Stage 2A 
data quality review will be performed in accordance with EPA National Functional 
Guidelines (USEPA 2010, 2014) by considering the following: 

 

• Holding times 
• Method blanks 
• Detection limits 
• RLs 
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• LCS/LCMs 
• MS/MSD samples 

 
Data will be validated in accordance with the project-specific DQOs described above, 
analytical method criteria, and each laboratory’s internal performance standards based on 
their SOPs. 

 
 

3.6.3 Reconciliation with User Requirements 
 

The data will be reviewed after each survey to determine if DQOs have been met. If data do 
not meet the project’s specifications, the project manager or designee will review the errors 
and determine if the problem is due to calibration/maintenance, sampling techniques, or 
other factors and will suggest a corrective action. It is expected that the problem would be 
correctable by retraining, revising techniques, or replacing supplies/equipment; if not, the 
DQOs will be reviewed for feasibility. If specific DQOs are not achievable, the project 
manager or designee will recommend appropriate modifications. 

 
 

4 TOXICITY TESTING LABORATORY QUALITY CONTROL 
 

All biological tests will incorporate standard QA/QC procedures, the tests are based on 
methods in the USEPA’s Short-Term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms (USEPA 
1995).  Standard QA/QC procedures include the use of negative controls, reference toxicant 
samples, replicates, and water quality measurements during testing. 

 
 

The negative control is used to establish the health of test organisms and ensure acceptability 
criteria are met. Control material will consist of filtered seawater adjusted to the appropriate 
salinity, if appropriate. Positive control or reference toxicant tests will be used to establish 
the sensitivity of test organisms. The reference toxicant test median lethal concentration 
(LC50 ) or median effective concentration (EC50 ) should fall within two standard deviations of 
the historical mean for the laboratory, indicating sensitivity is normal. 

 
 

Proper water quality conditions will be maintained for all tests to ensure that organisms do 
not experience undue stress unrelated to test samples. If water quality measurements are 
outside protocol ranges, corrective action will be taken immediately. Laboratory equipment 
will be maintained, and all instruments will be calibrated regularly. All laboratory work will 
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be documented on approved datasheets. 
 

4.1 Toxicity Laboratory Reporting 
 

Toxicity test reports will be retained by the laboratory and stored electronically in the 
project files. The laboratory will be required, where applicable, to report the following: 

 

• Test Methods. A summary of test conditions for each test will be included. All 
methods should be in accordance with guidelines described in the Work Plan and 
other guidance or as otherwise noted in the Work Plan. 

• Test Results. Results will include a summary of the following information: 
 

− Test dates 
− Source of control material 
− Source of organisms 
− Water quality measurements 
− Appropriate lethal or sublethal endpoint results for each species 
− LC50  or EC50 

− Control acceptability statement 
− Summary of reference toxicant test results 

 
• Statistical Analyses. Statistical analyses will be performed to determine the median 

effective concentration (EC50 ), or the statistically derived concentration indicative of 
toxic effects in 50% of test organisms under specific test conditions. 

• QA/QC Summaries. The results of a QC review, with any protocol deviations and 
corrective actions taken, will be provided. 

• Raw Data. Legible copies of raw datasheets used in testing, including water quality, 
daily observations, and final lethal or sublethal endpoint results, will be provided. 

• Reference Toxicant Test Data. Raw datasheets, statistical analyses, and control charts 
comparing current test results with historical test results will be provided. 

• COC Records. Legible copies of the COC forms will be provided. Forms will include 
the time of receipt and condition of each sample received by the laboratory. 
Additional internal tracking of sample custody by the laboratory will also be 
documented on a sample receipt form. The form must include all sample shipping 
container temperatures measured at the time of sample receipt. 
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5 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

REQUIREMENTS 

5.1 Field Instruments/Equipment 
 

In accordance with the QA program, an inventory of field instruments and equipment will 
be maintained. The frequency and types of maintenance will be based on the manufacturer’s 
recommendations and/or previous experience with the equipment. 

 
 

The field coordinator(s) will be responsible for the preparation, documentation, and 
implementation of the preventative maintenance program. The equipment maintenance 
information will be documented in the instrument’s calibration log. The frequency of 
maintenance is dependent on the type and stability of the equipment, the methods used, the 
intended use of the equipment, and the manufacturer’s recommendations. Detailed 
information regarding the calibration and frequency of equipment calibration is provided in 
specific manufacturer’s instruction manuals. 

 
 

All maintenance records will be verified prior to each sampling event. The field 
coordinator(s) will be responsible for verifying that required maintenance has been 
performed prior to using the equipment in the field. 

 
 

5.1.1 Laboratory Instruments/Equipment 
 

In accordance with the QA program, the laboratory will maintain an inventory of 
instruments and equipment and the frequency of maintenance will be based on the 
manufacturer’s recommendations and/or previous experience with the equipment. 

 
 

The laboratory preventative maintenance program, as detailed in their QA plan, is organized 
to maintain proper instrument and equipment performance and to prevent instrument and 
equipment failure during use. The program considers instrumentation, equipment, and parts 
that are subject to wear, deterioration, or other changes in operational characteristics; the 
availability of spare parts; and the frequency at which maintenance is required. Any 
equipment that has been overloaded, mishandled, gives suspect results, or has been 
determined to be defective will be taken out of service, tagged with the discrepancy noted, 
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and stored in a designated area until the equipment has been repaired. After repair, the 
equipment will be tested to ensure that it is in proper operational condition. 

 
 

Each laboratory will be responsible for the preparation, documentation, and implementation 
of the preventative maintenance program. All maintenance records will be checked 
according to the schedule on an annual basis and recorded by the responsible individual. 
The laboratory manager (or designee) shall be responsible for verifying compliance. 

 

 
 

5.2 Instrument Calibration 
 

Proper calibration of equipment and instrumentation is an integral part of the process that 
provides quality data. Instrumentation and equipment used to generate data must be 
calibrated at a frequency that ensures sufficient and consistent accuracy and reproducibility. 

 
 

5.2.1 Field Instrument/Equipment Calibration 
 

Field equipment will be calibrated prior to each sampling event according to the 
manufacturer’s recommendations using the manufacturer’s standards. A calibration check 
will be performed at the end of the day. The equipment, calibration, and maintenance 
information will be documented in the instrument calibration log. The frequency of 
calibration is dependent on the type and stability of the equipment, the methods used, the 
intended use of the equipment, and the manufacturer’s recommendations. Detailed 
information regarding the calibration and frequency of equipment calibration is provided in 
specific manufacturer’s instruction manuals. 

 
 

Equipment that fails calibration or becomes inoperable during use will be removed from 
service and tagged (time and date of action) to prevent inadvertent use. Such equipment will 
be satisfactorily recalibrated or repaired and tagged (date and time of return to service) prior 
to use. 

 
 

5.2.2 Laboratory Instrument/Equipment Calibration 
 

As part of their QA/QC program, laboratories perform two types of calibrations. A periodic 
calibration is performed at prescribed intervals (i.e., balances, drying ovens, refrigerators, and 
thermometers), and operational calibrations are performed daily, at a specified frequency, or 
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prior to analysis (i.e., initial calibrations) according to method requirements. Calibration 
procedures and frequencies are discussed in the laboratory’s QA plan. Calibrations are 
discussed in the laboratory’s standard operating procedures (SOPs) for analyses. 

 
 

The laboratory manager (or designee) will be responsible for ensuring that laboratory 
instrumentation is calibrated in accordance with any specifications. Implementation of the 
calibration program shall be the responsibility of the respective laboratory group supervisors. 
Recognized procedures (USEPA, ASTM, or manufacturer’s instructions) will be used when 
available. 

 
 

Physical standards (i.e., weights or certified thermometers) will be traceable to nationally 
recognized standards, such as the National Institute of Standards and Technology (NIST). 
Chemical reference standards shall be NIST standard reference materials or vendor-certified 
materials traceable to these standards. 

 
 

Calibration requirements for each method and respective corrective actions will be 
accessible, either in the laboratory’s SOPs or the laboratory’s QA Plan for each instrument or 
analytical method in use. All calibrations will be preserved on electronic media. 

 
 

6 PERSONNEL TRAINING 

6.1 Southern California Coastal Water Research Project  
 

Toxicology personnel are trained in the standard toxicity test methods by the Laboratory 
Manager (Darrin Greenstein). A previously recorded video from the Bight 2008 
intercalibration study is provided as additional training for proper embryo development 
identification. Prior to sample analysis, an intercalibration exercise is performed to ensure the 
same results are obtained from multiple technicians when counting the normal and abnormal 
mussel embryos in several test samples.
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TABLES 



 

 

Table B-1 
Field Measurement Quality Objectives 

 

 
 
 

Parameter 

 
Measurement 

Accuracy 

Salinity (g/kg) ± 0.1 g/kg 

Temperature (°C) ± 0.2 °C  

pH (su) ± 0.2 

Dissolved Oxygen (mg/L) ± 1 % 

Notes: 
g/kg = grams per kilogram 
mg/L = milligrams per liter 
su = standard unit 

 

Table B-2 
Field Quality Control Samples 

 

 
 

Sample Type 

 

Dissolved Organic 
Carbon volume (mL) 

 

Total Metals 
Volume (mL) 

 

Dissolved Metals 
Volume (mL) 

Travel Blank na 50 na 

Field Blank 40 50 50 

Field Duplicate 40 50 50 

Matrix Spike 0 50 50 

Pump Tubing Blank 0 50 50 

Notes: 
Dissolved samples will be field filtered 
mL = milliliters 
na = not applicable 

  



 

 

Table B-3 
Sample Containers, Holding Times, and Preservation Methods 

 

 
 
 

Parameter 

 
 
 

Sample Size 

 
Container Size 

and Type 

 
 
 

Holding Time 

 
 
 

Preservative 
 
Dissolved Organic Carbon 

 
40 mL 

Pre-combusted 
glass vial 
(40 mL) 

 
28 days Cool/4°C; H SO c to 2  4 

pH<2 

 
Total  Metals 

 
50 mL 

Centrifuge tube 
(50 mL) 

 
6 months 

 

Cool/4°C; HNO3 to 
pH<2 

 
Dissolved metals 

 
50 mL 

Centrifuge tube 
(50 mL) 

 
6 months Cool/4°C; HNO c to 

3 

pH<2 after filtration 
 

Notes: 
Dissolved samples will be field 
filtered mL = milliliters 
 

 

Table B-4 
Analytical Methods and Detection Limits 

 

 
 

Parameter 

 
 

Analytical Method 

 

Method 
Detection Limit 

Dissolved Organic Carbon (mg/L) USEPA 9060a 0.055 

Total and Dissolved Metals (μg/L) 

Copper USEPA 1640 0.15 

Zinc USEPA 1640 0.15 

Notes: 
μg/L = micrograms per liter 
mg/L = milligrams per liter  
USEPA = U.S. Environmental Protection Agency 
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ATTACHMENT 1 
SAMPLING FORMS 



 

 
 
 
 

MdR Harbor Water Daily Sampling Log 
 
 
 

Date_   Crew   

 
 
 

Station   Latitude_   Longitude   

 
 
 

Time at Start   Time at Finish   

 
 
 

Visual Water Description   
 
 
 

Picture Numbers   
 
 
 

pH_   Salinity   

 
 
 

Temperature   Dissolved Oxygen_   

 
 
 

Other Notes_   
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Date: __________ Project: ___________________________  Experiment(s): ____________ 

pH/DO QA verification sheet 

Make the appropriate quality assurance entry for each water quality parameter analyzed.  The person performing 
the analysis for each parameter should write their initials in the space provided.  Report QA measurements that do 
not meet the performance objectives to the QA supervisor for the test.   

RPD =   100 X 2(D1 – D2)/(D1 + D2);   D1 = measurement1,  D2 = measurement 2 

QA Supervisor Approval  ___________ 

 

Performance 
Objective 

pH (YSI Pro1020):    Analyst  _____   

Initial Calibration:   Standard solutions no more than four weeks old:  _______ 

Beginning of Run 
Reading for freshly obtained lab seawater:  _________                7.8-8.2 

During Run 
Standard (pH 7.0):  ________                   6.9-7.1 

Duplicate pH measurement:   
  sample type:  __________ 1st _______  2nd  ________  RPD  _____%                 3 % 

Were QA objectives met?  _____    If not, explain actions taken 

 

 

Performance 
Objective 

Dissolved Oxygen (YSI Pro1020):    Analyst  _____ 

Beginning of run: 
Well aerated lab seawater:  ________                   7.5±0.5 ppm @ 20°C 

Duplicate sample measurement:   
 Sample type:  __________ 1st _______  2nd  ________  RPD  _____%                 8 % 

Were QA objectives met?  _____    If not, explain actions taken: 

 



 

Date: __________ Project: ___________________________  Experiment(s): ____________ 

Salinity QA verification sheet 

Make the appropriate quality assurance entry for each water quality parameter analyzed.  The person performing 
the analysis for each parameter should write their initials in the space provided.  Report QA measurements that do 
not meet the performance objectives to the QA supervisor for the test.   

RPD =   100 X 2(D1 – D2)/(D1 + D2);   D1 = measurement1,  D2 = measurement 2 

QA Supervisor Approval  ___________ 

 

Performance 
Objective 

Salinity (YSI Pro30):   Analyst   _____ 

Beginning of run: 
Lab seawater:  cond._________  temp_______  salinity  ________                 33 to 35 ppt 

During run: 
Duplicate conductivity measurement: 

 Sample type:  __________ 1st _______  2nd  ________  RPD  _____%                 5 % 

Standard (Ricca at 25°C):  ________                   49.9- 50.1 mS 

Were QA objectives met?  _____    If not, explain actions taken: 
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Technology 70: 1585-1593.  DOI: 10.2166/wst.2014.394. 

25. Grant, S.B., J-D Saphores, D.L Feldman, A.J. Hamilton, T.D. Fletcher, P.L.M. Cook, M. Stewardson, B.F. 
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The impact of over 100 years of wildfires on mercury levels and accumulation rates in two lakes in southern 
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31. Myers, M.R. and R.F. Ambrose.  2009.  Differences in benthic cover inside and outside marine protected areas 
on the Great Barrier Reef: influence of protection or disturbance history?  Aquatic Conservation: Marine and 
Freshwater Ecosystems 19: 736-747. 
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across open-coast habitats in the northeastern Pacific.  Pacific Science 61: 197-206. 
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42. Smith, J.R., R.F. Ambrose, and P. Fong.  2006.  Long-term change in mussel (Mytilus californianus Conrad) 
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several California estuaries and the inferred toxicity of multiple sediment contaminants.  Marine Environmental 
Research 56: 423-442. 

45. Raimondi P., M. Wilson, R. Ambrose, J. Engle and T. Minchinton.  2002.  Continued declines of black abalone 
along the coast of California: Are mass mortalities related to El Niño events?  Marine Ecology Progress Series 
242: 143-152. 

46. Miller, A.W. and R.F. Ambrose.  2000.  Optimum sampling of patchy distributions: Comparison of different 
sampling designs in rocky intertidal habitats. Marine Ecology Progress Series 196: 1-14. 

47. Murray, S.N., R.F. Ambrose, J.A. Bohnsack, L.W. Botsford, M.H. Carr, G.E. Davis, P.K. Dayton, D. Gotshall, 
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(d) Synergistic Activities 

Southern California Wetlands Recovery Project Science Advisory Panel; California Coastal Commission’s Science 
Advisory Panels for the SONGS and Poseidon Mitigation Programs; Santa Monica Bay National Estuary Program 
Technical Advisory Committee; California Ocean Protection Council Science Advisory Team; California Marine 
Life Protection Act Initiative (South Coast) Science Advisory Team (2008-9); U.S. Army Corps of Engineers 
Environmental Advisory Board (2007-13); Science Advisory Committees for Malibu Lagoon Restoration (2003-5), 
Ballona Wetland Restoration (2005-9), Santa Clara River Estuary Restoration, Bunker Point Artificial Reef, 
Ormond Beach Wetland Restoration, Aliso Creek Estuary Restoration, Tijuana Estuary Restoration, San Elijo 
Lagoon Restoration. 
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Cherr, G.N. and W.H. Clark, Jr.  1984.  An acrosome reaction in sperm from the white sturgeon, 

Acipenser transmontanus. Journal of Experimental Zoology 232(1):129-139. 
  
Cherr, G.N. and W.H. Clark, Jr.  1985.  Gamete interaction in the white sturgeon, Acipenser 
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INTRODUCTION 

The USEPA interim guidance for water effect ratio (WER) determination emphasizes the 
importance of using a sampling design that considers variations in water quality likely to affect 
the WER (USEPA 1994). EPA has not developed a generalized specific study design for WER 
studies at large sites such as MdRH. Rather, conceptual guidance for design development is 
provided:  

“Each design has to be formulated individually to fit the specific site. The design 
should try to take into account the times, locations, and depths at which the 
extremes of the physical, chemical, and biological conditions occur within the 
site, which will require detailed information concerning the site.”  

Potential sources of variability include seasonality (e.g., summer vs. winter), presence of 
stormwater discharge, hydrology (tides or depth), and episodic events (e.g., plankton blooms, 
harbor activities). The relative importance of these factors on WERs in Marina del Rey Harbor 
(MdRH) is not known. 

Included within the combination of various site characteristics is the “critical condition” defined 
by EPA as: “...the critical condition, that condition where the copper concentration can be 
expected to be highest relative to the WER…” (USEPA 2001). A common goal of all WER 
studies to identify site-specific objectives that will protect water quality under the critical 
condition.  

Prior monitoring of MdRH for metals shows that elevated copper concentrations occur 
throughout the harbor. Consistent spatial patterns in MdRH copper are weak, due to the diffuse 
nature of the primary source (i.e., leaching from thousands of boat hulls distributed among 
multiple locations). Thus, the critical condition for MdRH can also be defined as that 
combination of factors resulting in the lowest WER, with the assumption that the location of 
areas with the highest copper concentration is variable. 

This report summarizes the results of field studies to characterize the magnitude and variability 
in water quality characteristics likely to influence the WER in MdRH. Three site characterization 
sampling events were conducted in 2018 and included measurements of water quality 
characteristics known to influence copper bioavailability (e.g., pH, dissolved organic carbon, 
salinity), as well as copper concentration and toxicity. The results are interpreted with the 
objective of identifying spatial or temporal patterns that are likely to represent the critical 
condition for a copper WER in MdRH.  
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STUDY DESIGN 

The site characterization studies were designed to evaluate the spatial and temporal variability in 
water quality factors considered to be important to determining copper bioavailability in MdRH. 
Spatial variability was assessed by analyzing water samples from 11 stations located throughout 
the harbor (Figure 1). These stations represented three different hydrologic regions of the harbor 
(main channel, front basins, back basins), as well as potential discharges from point (shipyard) 
and nonpoint sources (Ballona Creek, Oxford Basin, storm drains). Sample depth was also 
considered, by collecting samples from both near surface and near bottom. Temporal variability 
was investigated by conducting sampling on three events, with each representing different 
seasonal conditions: winter-wet weather, spring-dry weather, summer-dry weather. Short-term 
variability in water characteristics, potentially related to tidal exchange, was investigated during 
the summer sampling event by collecting multiple samples from the same location at different 
times of the day. A summary of the sampling events is shown in Table 1.  

 

 
Figure 1. Station locations in Marina del Rey Harbor. 
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Table 1. Site characterization study design parameters. 

Event Date Weather 
Precipitation 

(inches) 
Sampling 

depths 

Tide Stage Tide height 
range 

relative to 
MLLW (ft) 

Duplicate 
samples  

Stations 
with 

repetitive 
sampling Flood Ebb 

1 3/23/2018 Wet 1.1 B, S X  0.61 to 2.95 1 0 

2 5/21/2018 Dry 0 B, S X  -0.22 to 3.14 1 0 

3 9/10/2018 Dry 0 S X X 3.0 to 5.7 2 2 

B=bottom depth  S=surface depth  MLLW=mean lower low water 

 

METHODS 

Water samples were collected from each of the stations using a peristaltic pump and Teflon-lined 
tubing (Table 2). Samples from two-depths (1 m above the sediment and 1 m below the water 
surface) were collected in the first two events. Event 3 samples were collected from the surface 
only. The specific coordinates listed (Table 2) are from the third sampling event. The timing of 
each collection event was planned to collect samples from at least two different tide profiles to 
evaluate potential effects from tide on the critical condition. For all events, sampling times were 
related to tide heights based on the Mean Lower Low Water (MLLW), which is the average of 
the lower low water height of the tidal day. The tidal ranges for each sampling period are 
presented as a function of time (Figure 2). These data were retrieved from NOAA’s Tides and 
Currents website for the Santa Monica location 
(https://tidesandcurrents.noaa.gov/waterlevels.html?id=9410840).  

Subsamples were immediately filtered through a 0.45 μm polyethersulfone syringe filter for 
analysis of dissolved metals and dissolved organic carbon (DOC). Additional subsamples were 
taken for analysis of total metals, toxicity, and chlorophyll. Field measurements of sample pH, 
dissolved oxygen (DO), temperature, and salinity were made using electrodes.  

Dissolved and total concentrations of copper and zinc were measured. Metal analysis was 
conducted according to USEPA Method 1640 for trace elements in water, using inductively 
coupled plasma mass spectrometry.  In this procedure, trace elements are pre-concentrated based 
on their reductive precipitation by sodium tetrahydroborate; iron and palladium are added to 
samples to aid co-precipitation of metal borides and to enhance the precipitation of metals 
coming out in the elemental form. 

Dissolved organic carbon analyses were conducted using USEPA Method 9060a  for the analysis 
of organic carbon by combustion or oxidation.  

Toxicity of the water samples was measured with the 48-hour mussel embryo development test 
using Mytilus galloprovincialis (USEPA 1995). The test was conducted under standard 
conditions specified by USEPA guidance. Toxicity tests were initiated within 48 hours of sample 
collection. Embryos were preserved for examination at the end of the exposure period.  The 
preserved samples were examined using a microscope to determine the numbers of normal and 
abnormal surviving embryos. The percent of normal embryos was calculated from the count. 

To better evaluate differences in the water quality data collected over time and depth several 
statistical analyses were applied. One-way analysis of variance (ANOVA) was used to determine 
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if there were significant differences in DOC, chlorophyll, or dissolved copper concentration by 
time for all three events. If significant, the Tukey HSD post-hoc test was used to determine the 
differences. A t-test was also used to determine if there were significant differences by depth for 
events 1 and 2. Additionally, it was used to determine if the duplicate DOC and chlorophyll data 
were significantly different from the repeated visit data. Spearman’s correlation analysis was 
also used. Significance was determined if the p value was less than an alpha level of 0.05.  

The marine Biotic Ligand Model (BLM) was used to predict the potential for copper toxicity 
using site water quality data (Arnold et al. 2005). This BLM is currently under review by the 
USEPA but has not yet been approved for use in water quality criteria development. Water 
quality data (pH, temperature, DOC, and salinity) from all three sampling events were used in 
the BLM to calculate a site-specific predicted copper EC50 value for each sample. This value is 
comparable to an EC50 value for the 48-hour mussel embryo development test using Mytilus 
galloprovincialis (USEPA 1995). This embryo development test was used to evaluate the 
toxicity of samples collected from each of the three site characterization events. 

 

Table 2. Station location coordinates within Marina del Rey Harbor. 

Station ID Description Latitude Longitude 

MdRH-MC1 Main Channel, end N 33° 58.814’ W 118° 26.886’ 
MdRH-MC2 Main Channel, middle N 33° 58.330’ W 118° 26.892’ 
MdRH-MC3 Main Channel, entrance N 33° 58.880’ W 118° 27.316’ 
MdRH-A Front Basin A, middle N 33° 58.348’ W 118° 27.194’ 
MdRH-B Front Basin B, middle N 33° 58.504’ W 118° 27.189’ 
MdRH-C Front Basin C, middle N 33° 58.665’ W 118° 27.253’ 
MdRH-D Back Basin D, middle N 33° 58.827’ W 118° 27.243’ 
MdRH-E Back Basin E, middle N 33° 58.977’ W 118° 27.191’ 
MdRH-F Back Basin F, middle N 33° 58.919’ W 118° 26.697’ 
MdRH-G Front Basin G, middle N 33° 58.776’ W 118° 26.626’ 
MdRH-H Front Basin H, middle N 33° 58.584’ W 118° 26.676’ 
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RESULTS 

Sampling 

Winter-wet weather event 

During the winter-wet weather event, the previous 48 hours produced 1.1 inches of rainfall at the 
Ballona Creek rain gauge, which was above the minimum required rainfall of 0.2 inches 
specified in the draft work plan. Surrounding areas had rainfall values of 1.41 inches (Santa 
Monica, north of MdRH), and 0.75 inches (83rd Street Yard, south of MdRH). Sampling started 
at 8:20am and ended at 5:15pm. The first sample (MdRH-H surface) was taken just before the 
low tide at 0.7 ft, and the final sample (MdRH-MC1 bottom) was taken around the high tide of 
+2.9 ft. The overall tide change for the day was +2.3 ft (Figure 2). 

Spring-dry weather event 

Sampling started at 8:40am and ended at 2:37pm. The tidal regime for this event was similar to 
that for the winter sampling. The first sample (MdRH-MC3 surface) was taken just before the 
low tide at +0.16 ft, and the final sample (MdRH-H bottom) was taken around the high tide of 
+3.14 ft. The overall tide change for the day was +3.36 ft. 

Summer-dry weather event 

Sampling started at 7:44am and ended at 12:25pm. The first sample (MdRH-H-1 surface) was 
taken approximately 3.5 hours after the low tide (-0.35 ft) at +3.0 ft, and the final sample 
(MdRH-H-3 surface) was taken approximately two hours after the high tide (+5.75 ft) at +4.63 
ft. The overall tide change for the sampling window was +2.75 ft. 

 

Water Quality 

All results for water quality, metals concentrations, toxicity, and BLM-based predicted EC50 
values for each event are reported in the Appendix. Harbor-wide averages for each sampling 
event are shown in Table 3.  

Salinity measurements showed little change over time and depth. However, there was higher 
variability in the salinity data during the wet weather event (higher coefficient of variation), 
which could be due to the freshwater input from rainfall and runoff. Temperature did not vary 
much by depth but showed a steady increase over time moving from winter through summer. 
The average pH values were within 0.1 pH units, with similar pH values measured in March and 
September (7.95) and a slightly reduced pH value (7.84) in May.  
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Figure 2. Tide height over the timeframe for each sample collection event: March (black), May 
(red), and September (green). 

 

DOC and chlorophyll values were the most variable measures by time and depth when compared 
to temperature, pH, and DO. DOC was higher at most stations in the winter-wet weather event 
compared to the two dry weather events (Figure 3). The lowest DOC values were frequently in 
the front basins (A) or in the main channel near the mouth of the harbor (MC3). The location of 
higher DOC values was more variable, but they frequently occurred in the back basins. This 
pattern is likely due to water circulation patterns in the Harbor. Chlorophyll showed an increase 
in concentration from the first event to the second and third events. Chlorophyll concentrations 
also varied spatially with higher concentrations usually present in the back basins. 

Both DOC and chlorophyll were significantly different over time. It was determined that for both 
DOC and chlorophyll, data from events 2 and 3 (both dry weather events) were different from 
event 1 (wet weather) but not different from each other. Significant differences by depth were 
found for DOC and chlorophyll for event 1 (wet weather) but not event 2 (dry weather). Because 
of the higher variability in time, depth, and space, DOC and chlorophyll may be important 
determinants of the critical condition. 

Harbor average copper concentration was similar among sampling events. Dissolved copper 
concentrations were not significantly different over time or depth. For all three sampling events, 
dissolved copper concentrations were similar among most stations except for the main channel 
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stations in the front basin area (Figure 4). Dissolved copper concentrations at most stations 
exceeded the current water quality objective of 3.1 μg/L. Stations MdRH-MC2 and -MC3 
frequently had lower copper concentrations in surface and/or bottom water samples compared to 
samples from the rest of the Harbor. Surface concentrations during the winter-wet weather event 
tended to be higher than bottom concentrations, but these differences were not statistically 
significant. 

 

Table 3. Harbor-wide average values for MdRH water quality parameters by sampling event and 
depth. Data are presented as “average (coefficient of variation)”. 

Sampling 
Event 

Depth 
Dissolved 

Copper 
(μg/L) 

DOC 
(mg/L) 

Chlorophyll 
(μg/L) 

pH* 
Salinity 

(ppt) 
Temperature 

(°C) 

1 

Surface 6.64 (33) 1.10 (12) 1.72 (41) 7.93 33.22 (1.7) 16.97 (2.7) 

Bottom 4.70 (54) 0.94 (13) 3.69 (61) 7.95 33.90 (3.1) 16.73 (3.3) 

All 5.71 (44) 1.02 (15) 2.66 (71) 7.94 33.54 (2.6) 16.85 (3.0) 

2 

Surface 7.02 (17) 0.77 (20) 3.14 (42) 7.84 33.28 (0.38) 19.55 (3.4) 

Bottom 5.64 (47) 0.76 (23) 4.25 (63) 7.84 33.18 (0.18) 19.26 (4.4) 

All 6.36 (33) 0.77 (21) 3.67 (57) 7.84 33.23 (0.33) 19.41 (3.9) 

3 Surface 5.71 (33) 0.84 (8.6) 3.10 (41) 7.94 34.07 (0.64) 22.45 (2.6) 

*Average is based on hydronium ion (H30+) concentration and converted back to the log scale. As such, 
no CV is reported. 

 

 

Figure 3. Dissolved organic carbon concentrations (mg/L) at each station by depth (surface=open 
circles, bottom=closed squares) and weather (wet=blue, dry=orange).  
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Figure 4. Dissolved copper concentration at each station over time in surface samples (A) and 
bottom samples (B).  
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Relationships Among Water Quality Parameters 

Correlation analysis was performed for each sampling event to identify relationships between 
DOC (controlling factor for copper bioavailability) and tide height (as a measure of coastal water 
influx), chlorophyll, or copper. For the winter-wet weather event, no correlations were found for 
surface water samples. Bottom samples had a significant correlation (p=0.015) between tide 
height and DOC concentration. This is an inverse relationship where a higher tide height is 
related to lower DOC. This correlation is driven by low DOC in two of the main channel stations 
which were both sampled at high tide. Although this result is statistically significant, this depth-
related trend may be an artifact of the station sampling sequence. The main channel stations, 
expected to have relatively low DOC due to greater mixing with offshore water, were sampled at 
the end of the day (highest tide height).  

For the spring-dry weather event, there was no correlation between DOC and tide height. Surface 
samples had two significant correlations: a correlation (p=0.031) between dissolved copper and 
DOC concentration, and a correlation (p=0.011) between DOC concentration and chlorophyll 
concentration. The first is an inverse relationship where a higher DOC concentration is related to 
lower copper concentration, and the second is a direct correlation where a higher DOC 
concentration is related to a higher chlorophyll concentration. The bottom samples only had one 
significant direct correlation between DOC concentration and chlorophyll concentration 
(p=0.002). 

For the summer-dry weather event, none of the parameters were significantly correlated with 
DOC. The lack of correlation may have been due to the narrow range of DOC values, as there is 
a minimal spread of data with which to observe a correlation.  

 

Table 4. Summary of parameter correlations with DOC. 

  DOC (mg/L) 

Depth Parameter March May September 

Surface 

Chlorophyll (ug/L) -0.40 (0.19) 0.69 (0.011)* 0.20 (0.43) 

Tide height (ft) -0.011 (0.96) -0.37 (0.22) -0.10 (0.69) 

Diss. Copper (μg/L) 0.32 (0.31) -0.62 (0.031)* 0.41 (0.15) 

Bottom 

Chlorophyll (ug/L) 0.036 (0.90) 0.79 (0.002)*  

Tide height (ft) -0.70 (0.015)* -0.077 (0.80) 
 

Diss. Copper (μg/L) 0.50 (0.11) 0.011 (0.97) 

Data is presented as “correlation coefficient (p Value)”. A negative correlation coefficient signifies an 
inverse relationship. *Denotes significance. 

Short-term variability in water quality associated with tide height was investigated in the summer 
sampling event. Stations MdRH-H and MdRH-MC2 were sampled three times over the duration 
of the sampling event, with a duplicate sample taken during the second visit. Variability in DOC 
and chlorophyll was compared to results for the duplicate samples (i.e., sampling variability). 
DOC concentration in the repeated samples was more variable than in the duplicates for both 
stations (Figure 5). The highest DOC value was measured in the last sample collected, which 
represented an outgoing tide. The magnitude of the DOC change was relatively small, however. 
Greater variability in the chlorophyll data was observed for the repeated samples (Figure 6). 
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However, the range of concentrations among the repeated samples was similar to that for the 
duplicate, indicating little effect of tide height on the results.  

 
Figure 5. Dissolved organic carbon concentration (mg/L) as a function of duplicate and repeated 
measurements at stations MdRH-H and -MC2. 

 
Figure 6. Chlorophyll concentration (mg/L) as a function of duplicate and repeated measurements 
at stations MdRH-H and -MC2.  
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Toxicity 

Toxicity tests were performed on all samples collected, using the mussel embryo development 
test. All toxicity results are listed in the Appendix (Tables A1, A2, and A3). These data are used 
to better characterize MdRH and determine the ambient toxicity in preparation for the WER 
study, but they are not required to determine the critical condition. The tests for events 1 and 2 
met all applicable test performance criteria. The event 3 control (76% normal) fell below the 
control acceptability threshold of 90% normal. No definitive cause for the low control result was 
determined but may have been related to general difficulty in obtaining good quality spawning 
during the warmer summer months. As such, the toxicity results from September are uncertain. 

Reference toxicity tests using copper were conducted for each round of testing and all resulting 
EC50 concentrations fell within two standard deviations of our control chart mean, indicating 
similar sensitivity of the organisms used in each test. The calculated EC50 value for events 1, 2, 
and 3 were 8.81 μg Cu/L, 8.23 μg Cu/L, and 7.33 μg Cu/L, respectively. Based on our control 
chart, these organisms have similar sensitivity to copper as seen in previous tests.  

No toxicity was observed for samples from events 1 and 2 (Figure 7). Four stations from event 3 
displayed high toxicity: MdRH-B, -E, -F, and -MC1. These results ranged from 12.1-38.7% 
normal (control-adjusted). However, for all three events, no significant correlation was found 
between the toxicity test results and the dissolved copper concentrations; there were nontoxic 
samples from all three events with copper concentrations that were similar to those showing 
toxicity.  

 
Figure 7. Toxicity as a function of dissolved copper concentration (μg/L) for the three sampling 
events: March (circles), May (triangles), and September (squares).  
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Biotic-Ligand Model Predictions 

The Biotic Ligand Model developed for the draft EPA marine water quality criteria for copper 
was applied, utilizing the pH, temperature, salinity, and DOC data for each station for all three 
events. The BLM results provide a predicted acute EC50 concentration based on dissolved 
copper for Mytilus galloprovincialis (same species used in this study). The EC50 value is the 
concentration at which 50% of the organisms are affected. Thus, it is possible to see some 
toxicity in water samples with measured concentrations lower than the predicted EC50. The 
BLM EC50 provides a prediction of toxicity potential for copper, which can be used as another 
indicator of water quality conditions corresponding to the critical condition. The BLM predicted 
acute EC50 values were calculated for each station from all three sampling events. Predicted 
EC50 values ranged from 5.7 to 10.3 μg/L for event 1, 4.0 to 7.3 μg/L for event 2, and 5.8 to 7.6 
μg/L for event 3.  

Most of the event 1 samples had dissolved copper concentrations less than or equal to the 
predicted EC50 value (Figure 8A, B). This suggests that low or no toxicity is expected at those 
stations, which was consistent with the results of the toxicity test. No toxicity was observed for 
any sample. The results were more variable for event 2, with approximately half of the measured 
copper values greater than the predicted EC50 (Figure 8C, D). Based on these predictions, about 
half of the water samples would be expected to show toxicity. However, no toxicity was 
observed in any sample from event 2. Event 3 results were also variable with six of the measured 
values less than the predicted EC50 and seven of the measured values greater than the predicted 
EC50 (Figure 8E). Of the four samples that displayed toxicity, three had measured copper 
concentrations greater than the predicted EC50. Of the nine non-toxic samples, three of them had 
measured dissolved copper concentrations greater than the predicted EC50. Overall, 9 out of 13 
toxicity test results matched with expectations based on the BLM predicted EC50 value and 
measured dissolved copper concentrations. 

The lack of correspondence between BLM predictions and toxicity results is greater than 
expected (B. Santore, pers. Comm.), and no explanation is available at this time. Possible factors 
influencing the results include variations in the sensitivity of the toxicity test that are not 
identified from the reference toxicant test, toxicity due to materials other than copper, and 
presence of unmeasured factors influencing bioavailability. Additionally, the nature of the DOC 
may vary and influence the bioavailability of copper (De Schamphelaere et al., 2004; Nadella et 
al., 2009). 
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Figure 8. A comparison of the measured (black circles) dissolved copper concentration (μg/L) to 
the BLM predicted EC50 value (white circles, μg/L) and the toxicity test results (grey bars) for 
surface and bottom water samples from March (A and B), surface and bottom water samples from 
May (C and D), and surface water samples from September (E). 
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SUMMARY 

The critical condition is based on when copper bioavailability is expected to be highest, resulting 
in the greatest toxic potential to resident organisms. This study investigated the influence of nine 
water quality and other factors on bioavailabity (Table 5). Three factors were identified as 
having the strongest influence on bioavailability: weather (e.g., presence of stormwater runoff), 
DOC, and location within the harbor. DOC is established in the scientific literature as having a 
dominant influence on copper bioavailability in marine waters, which supports the conclusion 
that DOC is a primary factor influencing the critical condition in MdRH. Wet weather conditions 
that result in stormwater runoff discharges to the harbor are likely to reduce copper 
bioavailability through an increase in DOC content. However, the nature of DOC input from 
stormwater may differ from the natural marina DOC which can alter the type of organic matter 
present between wet and dry events leading to differences in copper bioavailability. 

Station location also had a strong influence on DOC content, and thus predicted bioavailability. 
Stations located near the front region of the harbor generally had the lowest DOC concentrations, 
possibly due to greater tidal exchange with offshore water having lower DOC. Station location 
was the factor with most consistent influence on DOC concentration for all three sampling 
events. 

Tide stage and chlorophyll were shown to influence some water quality parameters and 
potentially bioavailability, but to a minor degree. Correlations between tide height and DOC or 
copper were occasionally present. However, the magnitude of variation associated with tide stage 
was similar to that observed among different station locations. Variation in chlorophyll was 
occasionally associated with DOC variability, likely due to variations in phytoplankton 
abundance in the harbor. This result indicates that bioavailability of copper may be reduced 
when phytoplankton blooms are present.  

The copper and toxicity measurements made in this study do not directly influence conclusions 
about the critical condition, as they do not affect bioavailabity. However, these parameters are 
important to developing a study design that includes both the critical condition and conditions 
representative of harbor locations where impacts are likely to occur. Copper concentrations were 
similar among most harbor stations located in basins, with the greatest variation apparently 
associated with seasonal factors. Toxicity to mussels was infrequent in this study, with most of 
the toxic stations located in the harbor back basins. Thus, a study design that includes back basin 
locations is likely to represent conditions where biological impacts from dissolved copper are 
greatest. 

In summary, the critical condition (greatest copper bioavailability) is most likely to occur at 
harbor locations with the lowest DOC. DOC is expected to be lowest during dry weather periods 
throughout the year and at locations nearest the harbor entrance where water exchange is likely 
greatest (e.g., main channel and front basins). However, variations in water quality is also 
expected to occur because of other factors that are poorly understood or difficult to predict. Thus, 
sampling at multiple locations in the harbor, and over multiple time points, is needed to 
characterize variations in copper bioavailability. 
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It is recommended that a study design that includes multiple harbor locations and time points be 
used for water effect ratio determination in MdRH. Sampling at five locations, representing all 
three main regions of the harbor, should be sufficient to capture the critical condition for copper 
variability, as well representing the breadth of harbor conditions for evaluation of a site-specific 
objective. The recommended station locations are shown in Figure 9.  

 

Table 5. Summary of the effects of the various parameters on the critical condition. 

Parameter 
Effect on the Critical Condition? 

Yes No Minor 

Weather X   

Tide height   X 

Sampling depth  X  

Chlorophyll   X 

DOC X   

Temperature  X  

Salinity*  X  

pH*  X  

Station location X   

*Data did not vary greatly over time or space. With these minor changes, no effect on critical condition 
was observed. 
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Figure 9. Proposed stations for WER analysis.  

 

 

  

MdRH-E MdRH-F

MdRH-A

MdRH-B

MdRH-MC3
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Commenter	
No.	

Author	

1.  Technical Advisory Committee (TAC Summary Recommendations Memo) 

2.   Los Angeles Regional Water Quality Control Board (communicated by Shana Rapoport) 

3.   Los Angeles Waterkeeper and Heal the Bay (communicated by Arthur S. Pugsley) 

4.  Stakeholder (Johntommy Rosas; comments provided in four emails) 

5.  Stakeholder (Douglas P. Fay) 

 

The comments tabulated in the following pages are numbered according to comment letter.     

   



2 
 

No.  Comment  Response  Change 

1.1  Charge Question 1: “As with all questions about study design, there 
is a trade‐off between sampling effort and cost.  The TAC discussed 
this question mainly considering roughly the same effort as in the 
proposed sampling design, that is, about 30 samples, rather than 
thinking about how additional samples could be added to improve 
the design.  With this in mind, the TAC considered how well the 
sampling design would provide representative samples in terms of 
space and time.  We propose composite sampling as a general way 
to increase representativeness without increasing analytical costs.” 

The TAC has proposed both spatial and 
temporal compositing to provide a more 
representative sampling scheme that 
takes into account spatial variability and 
variability associated with time (i.e., 
weather and tidal changes). We agree 
that this sample compositing will 
provide a better representation of the 
condition in the Harbor. 

Composite 
sampling has been 
added to Sampling 
Design (Section 
2.2.3) and 
Appendix A 
(Water Sampling 
Methods). 

1.2  Charge Question 2a: “Zinc is a difficult metal to study, due to the 
ease with which samples can be inadvertently contaminated. It is 
essential that trace‐metal‐clean protocols be used for sample 
collection and that the Quality Assurance/Quality Control protocols 
include the appropriate use of certified reference materials 
(CRMs). The Shelter Island study is a good model for the proper use 
of CRMs both for copper and DOC.” 

We agree that trace metal clean 
protocols will be used. Additionally, we 
will add a DOC and dissolved copper 
CRM to the sample analysis and QA/QC 
methods. 

This has been 
added to 2.2.5 
Sample Collection 
and Processing, 
2.4.2 Chemistry 
Quality 
Assurance/Quality 
Control, and 
Appendix A. 

1.3  Charge Question 2b: “The choice of filters here is critical, as 
inadvertent contamination of the samples with metals or dissolved 
organic carbon must be avoided. Note that choice of filters may 
well be different for samples destined for metal analyses and for 
those that will be analyzed for DOC.” 

We agree that background 
contamination by filters should be 
avoided as well as taken into account 
through appropriate field blanks for all 
sample types. 

A DOC field blank 
has been added to 
Table 9 and 
Appendix A 
(Water Sampling 
Methods). 

1.4  Charge Question 2c: “Table 7: Containers for water samples. The 
glass vials used to collect and store the water samples destined for 
DOC analysis should be pre‐combusted.” 

We agree. We use pre‐combusted 
amber glass vials for DOC sample 
collection. 

Clarification made 
in Table 7. 

1.5  Charge Question 2d: “The TAC also suggested that the samples 
collected for DOC analysis could also be subjected to simple 
spectrophotometric and spectrofluorometric characterization [...] 
This additional information about the nature of the DOC will be 
particularly useful in the planned comparisons between the 
observed toxicity and the BLM‐predicted toxicity.” 

We agree that better characterization of 
the DOC may be useful for comparisons 
of observed toxicity and predicted 
toxicity test results. 

Selected samples 
will be 
characterized, and 
the results 
compared to the 
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No.  Comment  Response  Change 

toxicity results 
(Table 6). 

1.6  Charge Question 2e: “Among the advantages of using this test 
organism, the TAC considered its recognized sensitivity to copper, 
the existence of a wealth of published data on copper – Mytilus 
early life stage interactions and the precedent that the 
development of Site‐Specific Objectives (SSO) for copper in other 
coastal environments in California had used this organism and this 
test. The TAC also suggested that if it proved difficult to induce 
spawning in laboratory cultures on M. galloprovincialis, other 
sensitive test organisms could be considered. These include 
embryos/larvae from Mytilus californianus (California mussel) and 
Crassostrea gigas (Pacific oyster).  “ 

We agree that the chosen test species 
(Mytilus galloprovincialis) is sensitive to 
copper and appropriate for the WER 
testing. We also agree that similarly 
sensitive organisms could be substituted 
if needed. 

Clarification made 
in Toxicity Test 
Species and 
Method Selection. 

1.7  Charge Question 3: “The TAC is satisfied that the proposed use of 
the BLM in the work plan, i.e., as a tool to compare measured with 
predicted toxicities, is the correct manner to proceed. In the view 
of the TAC, it would be premature to use the marine copper BLM 
to calculate the SSO for Marina del Rey, i.e., as substitute for the 
toxicity tests and their use in a WER procedure. However, the use 
of the BLM to compare predicted and observed toxicities in the 
unspiked and copper‐spiked samples will help answer one of the 
questions raised by stakeholder participants in the TAC December 
meeting, namely is copper the only stressor to which M. 
galloprovincialis is responding in the toxicity tests. Consistent 
agreement between the predicted and observed toxicities would 
support the argument that copper is the principal chemical stressor 
in Marina del Rey waters.” 

We agree. Due to several other 
comments regarding use of the BLM, 
the workplan will be revised to reflect 
the TAC’s recommended use of the BLM 
for comparison purposes only. 

Clarifications 
made in the 
Introduction. 

1.8  Charge Question 4: “The determination of the final WER (fWER) is 
complicated and more complex than the TAC can fully resolve at 
this time. […] The TAC believes that the proposed study plan will 
provide sufficient data, as identified by the USEPA Interim 
Guidance, to justify using the geometric mean when calculating the 
WER.  This is the fundamental premise of the sampling design; if 

We agree. As part of the quarterly TAC 
meetings and data review process, all 
stakeholders will be able to interact 
with the TAC prior to their final data 
analysis recommendation. This will 
ensure the final data analysis is 

Clarifications 
made in Study 
Design and 
Methods, Water 
Effect Ratio 
Investigation, and 
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No.  Comment  Response  Change 

we didn’t believe the proposed sampling design was adequate, we 
would be proposing a different design.  However, we also note that 
the final decision about statistical methods and the final WER 
determination doesn’t have to be made now.  Preliminary analyses 
of the data after they are collected can inform the final analysis.  If 
it appears the data are not sufficient, then alternate ways of 
calculating the WER can be determined then.” 

appropriate and based on sufficient 
data. 

Deliverables and 
Reporting. 

2.1  Will the work plan be completed if the WER appears to be less than 
1? 

The work plan will be finalized prior to 
any data collection. If the results of the 
WER indicate an SSO<1, those results 
will be presented. 

No change made. 

2.2  Will the BLM be used to calculate WERs, SSOs or both?  The BLM will only be used as a 
comparative analysis to the WER 
results. The SSO will be based on the 
results of the WER procedure. 

No change made. 

2.3  Has spiking samples with zinc (as will be done with copper) been 
considered? 

Zinc will not be spiked into the samples 
as the subject of this SSO study is 
copper. Since copper is spiked into 
water from the Harbor, there will be 
background levels of other metals, 
including zinc, that will be present in the 
WER toxicity tests. 

No change made. 

2.4  The critical condition should be defined based on study results.  As 
there is not yet a U.S. EPA approved version of the saltwater BLM, 
it is not appropriate to utilize the BLM to define the critical 
condition in advance of sampling 

The BLM does not define the critical 
condition. We used the BLM during the 
site characterization events to better 
characterize the Harbor and highlight 
certain site‐specific parameters that 
play an important role in copper 
toxicity. 

No change made. 

2.5  Please include a minimum of monthly DOC sampling for 1 year in 
Marina del Rey Harbor to evaluate when during the year DOC is 
highest and lowest. 

Additional DOC monitoring for one year 
will be done as part of the TMDL 
monitoring program.  

A description of 
the monthly 
monitoring plan 
has been added to 
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No.  Comment  Response  Change 

the Sampling 
Design. 

2.6  Please state in the Work Plan whether Method 1 or Method 2 from 
EPA’s Interim Guidance are the basis of the study design. 

We will be using Method 2.  Clarification made 
in Study Design 
and Methods. 

2.7  Section 1.2.3: Please discuss previous toxicity testing in Marina del 
Rey Harbor, including where highest water column toxicity has 
been observed in the past. 

Limited prior toxicity data is available. 
Some of the data includes the DPR study 
and recent TMDL monitoring. 

Discussion of this 
topic has been 
added to the 
Introduction. 

2.8  Section 1.2.3: DPR conducted an investigation of copper levels in 
California marinas that included BLM application in Marina del Rey 
Harbor.  Please add discussion of this work in the review. 

We agree. This is relevant background 
information. 

Discussion of this 
topic has been 
added to the 
Introduction. 

2.9  Section 1.2.3: Please remove discussion of studies that did not 
result in adoption of an SSO by a Regional Board. 

The discussion of previous WER studies 
provides necessary context and 
background to this study. While not all 
of these studies resulted in adoption of 
an SSO, the information regarding their 
methods and results helps to inform 
future work in this field. 

No change made. 

2.10  Please clarify if preliminary sampling for the BLM will be conducted 
prior to or in conjunction with sampling in Table 5. 

This sampling occurred during the site 
characterization events in 2018. 
Preliminary sampling was conducted for 
a critical condition determination. 

Revision made to 
Study Design and 
Methods to clarify 
this. 

2.11  Please state EC50 values for M. galloprovincialis and confirm that 
the relevant endpoint for toxicity tests in laboratory dilution water 
is close to but not lower than the CCC and CMC as recommended 
in the 1994 Interim Guidance (pg. 21). 

In the 2003 Draft Update of Ambient 
Water Quality Criteria for Copper, the 
species mean acute value (SMAV) for 
Mytilus sp. is 6.19 µg/L, which is the 
most sensitive species. The CCC (3.1 
µg/L) was set to the Mytilus SMAV to 
protect this commercially important 
species. The EC50 for our test organism 

This information 
has been added to 
the Toxicity Test 
Species and 
Method Selection. 
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No.  Comment  Response  Change 

(Mytilus galloprovincialis) in SCCWRP 
tests is 8.12 µg/L.  

2.12  Please identify the first and second most sensitive species to 
copper in the national copper database and why M. 
galloprovincialis is preferred. 

The most sensitive species is Mytilus sp. 
with a SMAV of 6.19 µg/L. The second 
most sensitive species is Mytilus edulis 
with a SMAV of 21.50 µg/L. This results 
in a genus mean average (GMAV) of 
11.53 for Mytilus. The second most 
sensitive genus is Crassostrea with a 
GMAV of 12.60. Mytilus galloprovincialis 
is the preferred species as it is part of 
the most sensitive species (Mytilus sp.), 
as well as the most sensitive genus 
(Mytilus). Using results based on this 
species will provide protection for this 
commercially important species, as 
intended by the EPA water quality 
criteria. 

This information 
has been added to 
the Toxicity Test 
Species and 
Method Selection. 

2.13  Please clarify that all individual WER exposures will be initiated 
within 36 hours of sample collection.  This clarification is requested 
to confirm that tests will not be initiated after 36 hours. 

Currently the workplan states “WER 
exposures will be initiated within 36 
hours of sample collection.” (Section 
2.1.1 Test Method) 

No change made. 

2.14  Table 1 – Test conditions in the EPA method indicate salinity should 
be 30°° +/‐ 2°° and the test chamber should be 30mL.  Please 
discuss the rationale for utilizing different test conditions in the 
study. 

Although the EPA test method indicates 
a salinity of 30 ± 2 ‰, we use 32 ± 2 ‰ 
to better reflect the salinity in local 
waters. If we adjusted the salinity down 
to the EPA range it would require 
dilution of the sample. Our test 
chamber volume is 30 mL. The 10 mL 
listed in the Table  reflects the sample 
volume, which is consistent with the 
EPA method. 

This change has 
been clarified in 
the Test Method 
description. 
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No.  Comment  Response  Change 

2.15  Tables 3 and 4 are inconsistent regarding whether samples near 
the bottom were collected during event 2 or 3. 

This is a typo. The first column, row 6 
should say “2”, not “3”. 

Table 4: 
Correction made 
for event number 
in row 6. 

2.16  Table 5 – Please add details in the text regarding the decision 
process for sample event 6 and how stakeholders will participate in 
this process. 

The decision process for Event 6 will be 
done in consultation with the TAC 
during one of the quarterly update 
meetings. There will also be an 
opportunity for stakeholder input 
during those meetings. 

A footnote has 
been added to 
Table 5 indicating 
decision process 
and stakeholder 
involvement. 

2.17  Table 5 – In order to characterize the variability of Marina del Rey 
Harbor water quality, the Regional Board would like to see three 
years of sampling. 

The TAC has reviewed the proposed 
workplan and concluded that the 
current study design is adequate to 
address temporal and seasonal 
variations over time (Appendix F, TAC 
response to charge question 1 and 
Regional Board question 7).. 

No change to 
study duration 
made. Text 
clarified to 
indicate that the 
TAC will review 
preliminary WER 
results and make a 
determination as 
to the need for 
additional 
analyses (2.2.3). 

2.18  Please add storm drain outlets to Figure 3 as discussed in text.  We agree with this addition.  Figure 4 has been 
added to the work 
plan to show 
storm drain 
outlets. 

2.19  “Some of the water quality parameters needed for BLM analysis 
will be measured in the field…”  Please clarify when and how other 
parameters needed for the BLM analysis will be obtained. 

DOC is the only other required 
parameter. It will be collected as a grab 
sample and analyzed in the laboratory. 

Clarified text in 
Parameters to be 
Analyzed. 

2.20  Please add TSS and turbidity to the parameters that will be 
analyzed. 

These parameters are not relevant to 
the study as they are not needed for the 

No change made. 
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No.  Comment  Response  Change 

WER study nor are they used in the 
BLM. 

2.21  Please clarify whether or not sampling near the bottom of the 
water column is included in the work plan.  Please add sample 
collection at 1 meter depth into the work plan to capture area in 
the water column most impacted by discharge from boat hulls. 

Samples will only be collected 1 m 
below the water surface.  

Clarified in 
Sampling Design. 

2.22  Please clarify whether filtering of samples collected in the field for 
use in toxicity tests will occur in the field or in the laboratory.   

Filtration of DOC and dissolved metals 
samples will be performed in the field. 
Per recommendation by the TAC, 
toxicity test samples will be filtered in 
the laboratory prior to spiking with 
copper to remove any organisms that 
may interfere with the test. 

Text added for 
clarification in 
Sample Collection 
and Processing. 

2.23  Please clarify the toxicity testing procedures.  This paragraph 
indicates there will be no dilution or spiking; however, the draft 
work plan includes spiking of samples with copper. 

We agree. The toxicity test methods 
were based on the standard test but 
were inaccurate for the WER study 
design. The revisions to this text will 
reflect the accurate methods described 
in more detail in Section 2.1.1 Test 
Method. 

Text revised in 
Analysis Methods. 

2.24  Please utilize the version of the BLM and reference material 
included in U.S. EPA’s 2016 Draft Aquatic Life Ambient 
Estuarine/Marine Water Criteria for Copper.  The 2012 document 
sited in the Work Plan does not appear to be included in the 2016 
draft criteria. 

The reference will be updated.  Reference revised 
in the “Biotic 
Ligand Model 
Analyses” and 
“References” 
sections. 

2.25  Please increase field QA samples to two field blanks and two field 
duplicates per sampling event, collected at dispersed times during 
the sample event. 

The number of blanks used for this 
study (one of each type per sample 
batch) is consistent with standard 
practice.  

No change made. 

2.26  Please clarify the procedure for spiking samples with copper. How 
will samples with no effect be obtained for sites where toxicity is 
exhibited in the site water? 

We agree this needs clarification. The 
laboratory control water will range from 
no effect to complete inhibition of 

Revision made to 
“Water‐effect 
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No.  Comment  Response  Change 

normal development. The field samples 
will be spiked with the same range of 
copper concentrations and the results 
will be recorded. It is not possible to 
know the level of toxicity in field 
samples prior to testing. As such, the 
resulting toxicity test data will be 
reviewed to determine if the level of 
ambient toxicity in any given field 
sample is too high to provide a useable 
WER value for that sample. 

Ratio Testing” 
section. 

2.27  The Regional Board would like verification of dissolved copper in all 
toxicity treatments and total copper in at least some of the toxicity 
treatments.  This change should be made to Pg. 11, paragraph 5 as 
well. 

We agree. One replicate of all 
treatments will be analyzed for total 
and dissolved copper.  

Revisions made to 
clarify this in both 
Water‐effect Ratio 
Testing and 
Toxicity test 
species and 
method selection. 

2.28  For what analyses will recovery surrogates be utilized for QC rather 
than reference materials? 

Per the TAC’s recommendation, 
reference materials for DOC and copper 
will be analyzed.  

Clarification made 
to Chemistry 
Quality 
Assurance/Quality 
Control. 

2.29  Please include the criteria and statistical methods that will be used 
to evaluate sWER sample size precision in the Final Work Plan. 

The TAC will provide a recommendation 
on this data analysis during the data 
review process. Additionally, we will 
calculate the coefficient of variation and 
95% confidence intervals for the sWER 
results. 

Clarification made 
to text in the 
Water‐Effect Ratio 
Investigation. 

2.30  Please include submittal of data to CEDEN as part of data 
management. 

Data will be provided in CEDEN format 
and forwarded to LA County for 
submission to the CEDEN system. 

This has been 
clarified in 
Deliverables and 
Reporting. 
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No.  Comment  Response  Change 

2.31  Please include randomization sheets in study documentation and 
toxicity data quality review 

These are included in the umbrella term 
“laboratory bench sheets”; however, we 
have included text for clarity. 

Toxicity test 
randomization 
sheets have been 
included in the 
study 
documentation 
and toxicity data 
quality review. 

2.32  Public Participation: Please clarify the recipients of each of the 
reports. Do the draft and final reports discussed in paragraph 3 
apply to all task and study reports?  

The draft and final report discussed in 
paragraph 3 refers to the Site‐specific 
Objective Study Report only. Draft 
results will be provided to the TAC and 
available to stakeholders as part of the 
periodic consultation meetings. 

Clarification 
provided in 
Deliverables and 
Reporting. 

2.33  Public Participation: Please detail how potential decisions and/or 
changes to the work plan will be communicated (i.e. TBD 
information for sample event #6, whether or not data indicates the  
need  for additional samples). 

Discussion of data, potential changes to 
the workplan/methods, and any 
potential decisions will be made during 
the quarterly meetings with TAC. These 
meetings will be open to stakeholders. 

Clarification 
provided in 
Deliverables and 
Reporting. 

2.34  Please change public comment periods from “30 days” to “a 
minimum of 30 days” to allow for potential requests for additional 
time to review documents. 

We will make the suggested text 
revision. 

Revision made to 
“Public 
Participation Plan” 
section. 

2.35  Table 11 – Please clarify whether or not all TAC meetings/calls 
listed will be open to the public. 

Yes, the TAC meetings/calls listed in 
Table 10 under Project Schedule will be 
open to stakeholders. 

Clarification 
provided in a 
footnote for Table 
10. 

2.36  Please include in the work plan a discussion of whether or not a 
translator may be used in the study to convert dissolved to total 
copper.  If a translator will be used, please describe how the 
translator will be selected. 

Translators will not be needed or used 
as we will be measuring dissolved 
copper in the collected samples. 

No change made. 

2.37  ELAP Certificate #2769 for Physis Environmental Laboratories 
appears to be an interim accreditation that expired on 8/31/18.  

Their ELAP certification has been 
renewed and expires on 8/31/2019. The 

No change made. 
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No.  Comment  Response  Change 

Please confirm whether or not Physis Environmental Laboratories 
is currently accredited by ELAP for analyses they will be performing 
for this study. 

lab will maintain current ELAP 
certification throughout the study 
period. 

2.38  As recommended in the Interim Guidance document, please 
compare at least some toxicity test results obtained with results 
obtained in at least one other laboratory. Guidance pg. 8, 
paragraph 2 – “…it is important to compare at least some results 
obtained in the laboratory dilution water with results obtained in 
at least one other laboratory.” 

We will include analysis of a split 
dilution water sample by another 
laboratory as part of this study. 

A description of 
this comparison 
has been added to 
Toxicity Quality  
Assurance/Quality 
Control.  

2.39  Please include full details of anticipated WER and BLM 
calculations/modeling in the Work Plan. 

Discussion of the BLM‐based 
calculations are provided in the Biotic 
Ligand Model Analyses section of the 
workplan. We can provide additional 
references regarding the model. WER 
calculations are described in Sections 
1.2.1 Water‐Effect Ratio and 2.4 Water‐
Effect Ratio Analysis and Interpretation. 

Additional BLM 
references and 
description of data 
analysis and use 
has been added to 
Biotic Ligand 
Model Analyses. 

2.40  QAPP – Table B‐1 ‐ Please provide a reference for an EPA method 
referencing data quality objectives for each parameter. 

These measurements (pH, DO, 
temperature, and salinity) are taken in 
the field using meters with the 
appropriate probes. They do not have 
an EPA method; however, we agree the 
data quality objectives and calibration 
details should be added to clarify the 
data quality of these measurements. 

Table B‐1 has 
been revised to 
include data 
quality objectives 
and calibration 
procedures for 
these 
measurements. 

2.41  QAPP – Pg. B‐5, paragraph 1: Modifications in analytical methods 
must be approved by the TAC. 

We agree. Any changes in methods 
must be approved by the TAC. 

Text has been 
added to the 
QAPP to reflect 
this addition. 

2.42  QAPP – Please add QA/QC procedures used to evaluate 
quality/acceptability of seawater from Granite Canyon.  Are hold 
times implemented for the seawater? 

The acceptability of seawater from 
Granite Canyon is based on low metals 
content, low DOC content, no ambient 
toxicity, and previous acceptance by 

A description of 
these procedures 
has been added to 
Laboratory Quality 
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EPA for use in water quality criteria 
development. These parameters will all 
be analyzed in the unspiked control. No 
specific hold time will be implemented; 
however, we will minimize and 
document holding times. We will use 
recently collected water for each test. 

Control in the 
QAPP. 

2.43  QAPP – Please add a description of personnel training to the QAPP.  We agree. A description of personnel 
training will be added for the field and 
laboratory components of this project.  

A section on 
Personnel Training 
has been added to 
the QAPP 
(Appendix B). 

2.44  QAPP – Please include a page for signatures of those certifying the 
adequacy of the QAPP. 

We agree a signature page is needed.  A signature page 
has been added to 
the QAPP. 

3.1  III. General Comments, Section A, Page 3: “The Regional Board 
should ensure that the approval of the MDR Draft Work Plan does 
not foreclose analysis of reasonable alternatives to a Copper WER.” 

This is a comment directed to the 
Regional Board. 

No change made. 

3.2  III. General Comments, Section B, Page 4, Paragraph 1: “Other SSO 
and WER studies can be illuminating but should not be considered 
to create binding precedent on the methodology of the MDR 
Harbor SSO study.” 

We agree. These prior SSO studies 
provide examples of this process but are 
not directing the methodology 
proposed in this workplan. 

No change made. 

3.3  III. General Comments, Section B, Page 4, Paragraph 2: “We 
strongly urge the MDR Harbor SSO study authors as well as the 
Regional Board to make source control, particularly control of 
copper anti‐fouling paint, a much higher priority for the MDR 
Harbor SSO study.” 

These issues will be addressed in the 
implementation report. 

No change made. 

3.4  III. General Comments, Section B, Page 4, Paragraph 3: “A clear 
explanation (at a minimum) of the reasonably foreseeable 
regulatory effects (or lack thereof) of any MDR Harbor SSOs should 
be included with the MDR Harbor SSO study itself, given the 
importance of the anti‐degradation policies to the ultimate success 
of the MDR Harbor SSO study.” 

We agree. These issues will be 
addressed in the implementation 
report. 

No change made. 
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3.5  III. General Comments, Section B, Page 4, Paragraph 4: “The San 
Francisco Bay 2007 Proposed BPA and Staff Report relied on 
dissolved organic carbon (DOC) as a surrogate for toxicity in follow‐
up monitoring. This might be a defensible or even preferred 
approach for MDR Harbor, but study authors need to carefully 
justify any proposed use of that approach in MDR Harbor, rather 
than relying on the approved methodology of past studies.” 

We agree. For this project we will be 
using toxicity tests and will not use DOC 
as a surrogate for toxicity. 

No change made. 

3.6  III. General Comments, Section B, Page 4, Paragraph 5: “Similarly, 
the San Francisco Bay 2007 Proposed BPA and Staff Report, as well 
as the WER study itself, relied on translators, since conversions 
from total to dissolved copper were necessary in San Francisco. It is 
unclear to what extent, if any, such translators would be needed or 
even appropriate in the MDR Harbor SSO study.” 

Translators will not be used in this study 
as dissolved copper will be measured. 

No change made. 

3.7  III. General Comments, Section B, Page 6, Paragraph 1: “LAW and 
HTB therefore request that if specific methodologies, findings, etc. 
from previous SSO studies are being imported into the MDR 
Harbor SSO study, that the study authors include an explanation of 
the appropriateness in the current context of MDR Harbor, and 
how the methodology proposed could affect the margin of safety 
and the protectiveness of the site specific objectives and/or site 
specific TMDL modifications in MDR Harbor.” 

We agree. No specific methodologies, 
findings, etc. will be used from prior SSO 
studies. These studies are presented in 
the workplan to provide background 
and context for the use of SSOs in the 
state of California. 

No change made. 

3.8  IV. Comments on the MDR Draft Work Plan, Page 6, Paragraph 3: 
“We suggest revising the text of the first full paragraph to reflect 
that site‐specific parameters can increase, as well as decrease, 
toxicity to aquatic organisms (as would be reflected whenever WER 
< 1.0). In addition, we request a comparison of the margin of safety 
in the unadjusted WQOs, versus the margin of safety in any WER‐
adjusted standards.” 

We agree. We will clarify that the WER 
can identify an increase or decrease in 
toxicity based on site‐specific 
parameters. The margin of safety will 
remain the same as intended by EPA’s 
process for establishing aquatic life 
criteria (protective of 95% of aquatic 
life). 

Revised to clarify 
text in the 
Introduction. 

3.9  IV. Comments on the MDR Draft Work Plan, Page 6, Paragraph 4: 
“We request clarification on why the authors believe use of the 
BLM is appropriate despite the lack of approval for use of the 
model in marine waters. Also, we recommend considering revision 

We recognize that the BLM is not yet 
approved for use in marine systems. We 
will only use the BLM as a comparative 

Clarified text in 
the Introduction 
regarding use of 
the BLM. 
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of the MDR Draft Work Plan to include an alternative study design, 
if reliance on the BLM turns out to be inappropriate or scientifically 
less than robust (or if use of the BLM remains unapproved for 
marine waters as sample WERs are derived).” 

analysis to the WER results. The SSO will 
be based only on the WER results. 

3.10  IV. Comments on the MDR Draft Work Plan, Page 6, Paragraph 5: 
“LAW and HTB are also concerned that use of the BLM to target 
the conditions likely to result in the lowest WER (i.e., the critical 
condition), may not be appropriate if the BLM is not approved for 
use in marine waters. In any event, it is of the utmost importance 
that the MDR Harbor SSO study demonstrate that the critical 
condition has been fully evaluated as part of the study, regardless 
of whether the BLM is used or not.” 

The BLM was used to gain more insight 
during the site characterization study 
and highlighted DOC as an important 
site‐specific parameter related to 
predicted copper toxicity. The WER 
study will still entail six sampling events 
over a full‐year during both wet and dry 
weather. 

Clarified text 
regarding use of 
the BLM in the 
Introduction. 

3.11  IV. Comments on the MDR Draft Work Plan, Page 7, Paragraph 1: 
“The dispute over the critical condition was one of the single most 
contentious items in the Los Angeles River Copper WER Study in 
2015, so we urge the study authors to carefully justify any claims 
about the timing of the critical condition, especially if the MDR 
Harbor SSO study relies of the critical condition relies on a model 
not approved for use in marine waters.” 

We agree. The results of the site 
characterization study suggest the 
critical condition is when DOC is low. 
This information helped in the 
development of the workplan and study 
design; however, the proposed WER 
study design includes six sampling 
events over the course of a year which 
allows for inclusion of many conditions. 
Additionally, monthly DOC samples will 
be analyzed as part of the TMDL 
monitoring program which will help 
track any potential fluctuations in the 
condition of the Harbor. 

Clarified text 
regarding critical 
condition in the 
Introduction and 
Study Design and 
Methods. 

3.12  IV. Comments on the MDR Draft Work Plan, Page 7, Paragraph 2: 
“Assuming successful resolution of the methodological concerns 
expressed elsewhere, we agree that the fWERs can be used to 
adjust both the CCC (chronic) and CMC (acute) WQOs, as well as 
TMDL adjustments associated with the same location.” 

We agree. Thank you.  No change made. 

3.13  IV. Comments on the MDR Draft Work Plan, Page 7, Paragraph 3‐4: 
“The summary of various other marine WER/SSO studies raises the 

We did not rely on methods from prior 
WER/SSO studies. These studies were 

No change made. 
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question of to what extent the MDR Draft Work Plan relies on 
methodologies in prior studies” and “…the San Diego Regional 
Board had serious concerns with the design of the Shelter Island 
Yacht Club WER study (ironically, the WER study that produced the 
lowest WER values of any of the studies summarized). The MDR 
Harbor SSO study authors may thus wish to consult with San Diego 
Regional Board staff for additional information on these apparent 
concerns.” 

provided as background and context for 
WER/SSO studies previously performed 
in CA. 

3.14  IV. Comments on the MDR Draft Work Plan, Page 7, Paragraph 5: 
“…we urge the authors, Regional Board staff, SCCWRP staff, and 
the Technical Advisory Committee members to consider basing 
fWERs on the lowest value produced by methodologically correct 
testing, rather than relying on a geometric mean (or any type of 
averaging) of several values. This is especially important if the 
sample WERs (sWERs) show high variability.” 

Thank you for your suggestion. We have 
requested the TAC to provide a 
recommendation regarding this. 

The TAC will be 
consulted to 
provide a 
recommendation 
regarding fWER 
calculation 
method (Section 
2.5). 

3.15  IV. Comments on the MDR Draft Work Plan, Page 8, Paragraph 1: 
“We strongly suggest that the study design for the MDR Harbor 
SSO study include more than three sampling events, and that the 
number of sampling events in the study (as well as exclusion of 
data from any sampling event from fWER calculations) be fully 
justified.” 

We agree. We will have six sampling 
events (Table 5). 

No change made. 

3.16  IV. Comments on the MDR Draft Work Plan, Page 8, Paragraph 2: 
“We request citations to support the statement that DOC 
concentration is the primary variable controlling bioavailability of 
copper in marine systems. Additionally, we request additional 
evidentiary support that DOC concentration is closely correlated 
with BLM modeling results, and an explanation whether this 
DOC/BLM correlation is being used to justify reliance on BLM 
results despite lack of EPA approval for use of the BLM in marine 
waters.” 

We agree that citations are needed. 
Additionally, the BLM uses DOC, salinity, 
temperature, and pH as the input 
variables in the model. Based on our 
site characterization study, DOC was the 
most important parameter with regard 
to the predicted toxicity from the model 
results. As previously mentioned, the 
BLM will only be used as a comparison 
to the WER results. 

Citations and 
clarification 
provided in Site 
Characterization. 
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3.17  IV. Comments on the MDR Draft Work Plan, Page 8, Paragraph 3: 
“…we recommend that additional DOC monitoring be undertaken 
prior to WER sampling to confirm the DOC concentration 
distribution pattern in the study area.” 

Monthly DOC samples will be collected 
and analyzed as part of the County’s 
ongoing TMDL monitoring program. 

A description of 
the monthly 
monitoring plan 
has been added to 
the Sampling 
Design. 

3.18  IV. Comments on the MDR Draft Work Plan, Page 8, Paragraph 4: 
“Similarly, we recommend additional confirmation backed by 
rigorous data and robust modeling that the critical condition is 
likely to occur during dry weather in winter or spring.” 

Based on our site characterization 
study, the critical condition is likely to 
occur in lower DOC conditions.  

This discussion has 
been clarified in 
Site 
Characterization. 

3.19  IV. Comments on the MDR Draft Work Plan, Page 9, Paragraph 1: 
“Given the probable lowest DOC concentrations in the main 
channel, we recommend considering adding a second water 
sampling station in the main channel, in the area of the channel to 
the east of the terminus of Bora Bora Way, to improve the 
robustness of the study results.” 

The TAC has recommended a revised 
sampling design and station locations. 

Study and 
sampling design 
revised in 
accordance with 
TAC 
recommendations.

3.20  IV. Comments on the MDR Draft Work Plan, Page 9, Paragraph 2: 
“We recommend that the study authors consider adding at least a 
second sampling event in wet conditions.” 

We’ve asked the TAC to advise on this 
matter. The sixth WER sampling event 
can be used as an additional wet‐
weather event if recommended.  

Sampling design 
clarified to 
indicate TAC will 
provide 
recommendation 
regarding 
additional wet 
weather sampling 
(Table 5). 

3.21  IV. Comments on the MDR Draft Work Plan, Page 9, Paragraph 3: 
“We support the collection of grab samples, and support analyzing 
zinc concentrations in those samples. However, we ask for greater 
clarification of the claim that inclusion of zinc in the study will 
facilitate understanding copper toxicity.” Comment continued 
through page 10, “In any event, we urge study authors to more 
fully explain how the MDR Draft Work Plan accounts for synergism, 

We agree that this text is unclear. By 
including zinc in the metals analysis, we 
hope to gain some insight as to whether 
zinc is a likely contributor to toxicity. We 
will not be able to determine a specific 
relationship between copper and zinc 
(i.e., synergism, additivity, etc.). 

Text clarified in 
Parameters to be 
Analyzed. 
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additivity, or reduced efficacy of detoxifying metal‐organic 
complexes when multiple metals are present.” 

3.22  IV. Comments on the MDR Draft Work Plan, Page 10, Paragraph 1: 
“The question of whether the WER sample size and precision 
allows for a defensible fWER is extremely important. We again 
urge the study authors to use the lowest WER obtained plus a 
margin of safety, rather than an average of sWERs, to ensure that 
the critical condition has been captured, and that the SSOs do not 
suffer from a potentially serious anti‐degradation policy 
consistency problem as a result.” 

The TAC will advise on the final data 
analysis. An additional margin of safety 
will not be needed as the water quality 
criteria is designed to protect 95% of 
aquatic life. An WER‐based SSO is an 
adjustment of the objective so that the  
same level of aquatic life protection is 
attained. 

The TAC will be 
consulted to 
provide a 
recommendation 
regarding fWER 
calculation 
method (Section 
2.5). 

3.23  IV. Comments on the MDR Draft Work Plan, Page 10, Paragraph 2: 
“We thus strongly encourage revision to this section of the MDR 
Draft Work Plan, to include a firm commitment to either collect 
such data until the data set is robust enough to support calculated 
fWERs, or else to discontinue the process of seeking approval of 
SSOs if data is insufficient to support calculation of defensible 
fWERs.” 

We agree that sufficient data is 
necessary to determine an SSO. This 
workplan includes six sampling events 
and exceeds the minimum 
recommended by EPA guidance. The 
data will be reviewed by the TAC prior 
to calculation of the fWER. 

Text added to 
clarify this in the 
Final Water‐Effect 
Ratio Calculation 
(Section 2.4.3). 

3.24  IV. Comments on the MDR Draft Work Plan, Page 10, Paragraph 3: 
“We strongly recommend formal written responses to comments 
be prepared, even if the Regional Board believes it does not have a 
strict legal obligation to prepare such a document as part of its 
Work Plan review.” 

We agree. We have provided written 
responses to the comments received on 
the draft workplan via this document, 
which is an appendix in the final 
workplan. 

Formal comment 
responses added 
to the workplan as 
an appendix. 

3.25  IV. Comments on the MDR Draft Work Plan, Page 10, Paragraph 4: 
“We also request that data collected to support the MDR Harbor 
SSO study be made available in as close to real time as possible, to 
further enhance transparency, and to provide for potential 
feedback to allow identification (and presumably correction) of any 
problems as early in the process as possible.” 

Preliminary data will be made available 
to stakeholders when it is sent to the 
TAC for review. 

Text added to 
Deliverables and 
Reporting to 
clarify this. 

3.26  IV. Comments on the MDR Draft Work Plan, Page 11: Concerns 
with the June 1994 Environmental Protection Agency Interim 
Guidance on the Determination and Use of Water Effect Ratios for 
Metals 

The comments provided here are 
related to the Interim EPA guidance 
document and do not have any specific 
suggestions regarding the workplan. 

No change made. 
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These concerns are largely addressed in 
prior comments. 

4.1  Email 1: Several links to a video presentation and resources and an 
attached Word document with more resource links. 

Thank you for the provided resources.  No change made. 

4.2  Email 2: “I hope to see sufficient testing and additional testing 
areas per this citation [USEPA 1994]”. This citation recommends 
sampling multiple stations over a minimum of three sampling 
events that include different seasons and locations. 

We agree. The draft workplan currently 
adheres to this guidance with a plan to 
collect samples at five stations with six 
sampling events over the course of one 
year. 

No change made. 

4.3  Email 2: “It’s also important to test appx 2 years to get a secondary 
year to compare with” 

The TAC has provided recommendations 
on the number of sampling events and 
sampling timeframe. The TAC agrees 
that the six sampling events distributed 
over 12 months is an adequate sampling 
design. The workplan includes 2 years of 
sampling, 1 year for site 
characterization and 1 year of WER 
sampling. 

TAC 
recommendations 
have been 
incorporated into 
the Study Design 
and Methods 
section of the 
workplan. 

4.4  Email 2: “The suggested testing areas are not sufficient. There 
should be an additional 22 stations and 22 locations used for 
metals analysis.” 

The TAC has provided recommendations 
on the number of stations and sampling 
strategy. 

TAC 
recommendations 
have been 
incorporated into 
the Study Design 
and Methods 
section of the 
workplan. 

4.5  Email 2: “Some testing should be near the vessels as well, where 
the actual discharging occurs.” 

The goal of this study is to determine 
the condition of the entire Harbor and 
its impact on copper bioavailability and 
toxicity. The TAC  has indicated that a 
representative sample is more 
important than sampling hot spots. 

No change made. 
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4.6  Email 2: “There should be habitat testing additionally to have the 
negative impacts on sea life/habitat etc. documented.” 

This is outside the scope of this project.   No change made. 

4.7  Email 3: Suggested station locations The TAC has provided recommendations 
on the number of stations and sampling 
strategy 

TAC 
recommendations 
have been 
incorporated into 
the Study Design 
and Methods 
section of the 
workplan. 

4.8  Email 4: “I have reviewed your draft document and I approve of it”  Thank you for your review and approval.  No change made. 

5.1  Page 1, Paragraph 4: It is suggested that the County remove the 
contaminated sediment from the Harbor to improve the water 
quality. 

This is outside the scope of this project. 
The focus of this work is on toxicity due 
to copper in the Harbor water, not the 
sediment. 

No change made. 

5.2  Page 2, Paragraph 7: “In the Development of Site‐Specific 
Objectives, it states protection of aquatic life is uncertain. It further 
states that this study does not account for physical constituents for 
example, particulate and dissolved organic matter.” 

These statements from the Draft 
Workplan refer to the USEPA’s Interim 
Guidance on Determination and Use of 
Water‐Effect Ratios for Metals (USEPA‐

No change made. 
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823‐B‐94‐001, 1994). The current water 
quality criteria were based on data that 
did not consider site‐specific water 
quality parameters such as dissolved 
organic matter. The purpose of this 
project is to determine what threshold 
is appropriate and specific to the Harbor 
to protect aquatic life by considering 
those site‐specific water quality 
parameters. 

5.3  Page 2, Paragraph 8: “It does not mention providing the required 
level of protection for human health.” 

This is outside the scope of this project. 
This water quality criterion is only used 
for protection of aquatic life. 

No change made. 

5.4  Page 2, Paragraph 11: “The Water‐Effect Ratio Study Design – 
Station Locations excludes Oxford Basin. Why?” 

This is outside the scope of this project. 
The study is evaluating a site‐specific 
objective for the Harbor only. The TAC 
has reviewed the workplan and 
provided recommendations regarding 
sampling station location and number. 

No change made. 

5.5  Page 2, Paragraph 12: “Absent from the Draft Work Plan is public 
comment and Q&A at the TAC review meetings and the first public 
workshop.” 

The TAC meeting to review the Draft 
Workplan was public and allowed time 
for public comments and questions. 
Additionally, future TAC meetings and 
workshops will be open to public 
participation. 

Clarification made 
in the Public 
Participation Plan. 

5.6  Page 2, Paragraph 13: “Under section VII Implementation Report is 
California Water Code Section 13241 anti‐degradation review (as 
appropriate). If the Draft Work Plan proceeds as proposed 
degradation of the Harbor will continue and reviewing now is 
appropriate.” 

This review will be performed as part of 
the implementation report. 

No change made. 

 



 

Work Plan 
Marina del Rey Site-specific Objective Study  March 2019 

 

 

 

 

 

APPENDIX F  
TAC AND PUBLIC COMMENTS 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Technical Advisory Committee 
Comment Letter 
  















o

o

o

o

o

o

o

o



o

o

o

o

o



o



 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Los Angeles Regional Water Quality 
Control Board Comment Letter 
  



Regional Board Feedback Regarding Draft Work Plan: Marina del Rey Harbor SSO Study 
Provided by Los Angeles Water Board on December 4, 2018 

 
Questions for TAC: 

 
 Are either the Resident Species or Recalculation procedures potentially appropriate for deriving 

a site-specific objective for Marina del Rey Harbor? 
 Selection of Test Species 

o Is Mytilus galloprovincialis the most sensitive species? 
o Should testing be conducted with multiple species during the study? 

 Is the toxicity test proposed appropriate for use in developing a single WER for use in calculating 
both acute and chronic SSOs in Marina del Rey Harbor?  

 Are the locations of the sites appropriate for the study?  Do the sites capture the variability in 
Marina del Rey Harbor? 

 Will all potential sources of variability be sufficiently investigated?  Episodic events are 
mentioned in the background section of the work plan but not currently included in the study 
design.  Would sampling during a planktonic bloom, if one occurs during the study period, 
enhance study results? 

 Does the study include a sufficient number of sample sites and samples at each site? 
o The Regional Board would like to see additional sample sites, potentially near areas 

where organisms aggregate (e.g. dock pilings) and where copper concentrations are 
highest (e.g. near boats).  Consider multiple sample sites within a basin. 

 Will study design capture a sufficient range of conditions to encompass drought and wet year 
conditions? 

 What is the potential effect of discharge from Oxford Basin on study results?  Will study design 
allow for this evaluation?  Would an additional sample site near Oxford Basin and/or a storm 
drain outlet enhance the study results? 

 What potential synergistic effects may affect copper toxicity in Marina del Rey Harbor?  Are 
these sufficiently evaluated in the study design? 

 Is calculation of a final WER in Marina del Rey Harbor through use of a geomean likely to provide 
a final WER that provides a level of protection equivalent to that of the California Toxics Rule?  

 How will implementation of sediment TMDLs affect the study and results?   
 What is the likelihood a WER calculated during the proposed study period will be reflective of 

conditions in Marina del Rey Harbor upon during and after the implementation of the sediment 
TMDLs for Marina del Rey Harbor? 

 How might potential electrical discharges into the marina affect copper toxicity and a potential 
WER? 

 
Questions regarding Draft Work Plan: 

 
 Will the work plan be completed if the WER appears to be less than 1? 
 Pg. 3, paragraph 2 – Will the BLM be used to calculate WERs, SSOs or both? 
 Pg. 20, paragraph 4 – Has spiking samples with zinc (as will be done with copper) been 

considered?   
 
Requested edits to Work Plan: 
 



 The critical condition should be defined based on study results.  As there is not yet a U.S. EPA 
approved version of the saltwater BLM, it is not appropriate to utilize the BLM to define the 
critical condition in advance of sampling. 

 Please include a minimum of monthly DOC sampling for 1 year in Marina del Rey Harbor to 
evaluate when during the year DOC is highest and lowest. 

 Please state in the Work Plan whether Method 1 or Method 2 from EPA’s Interim Guidance are 
the basis of the study design. 

 Section 1.2.3 
o Please discuss previous toxicity testing in Marina del Rey Harbor, including where 

highest water column toxicity has been observed in the past. 
o DPR conducted an investigation of copper levels in California marinas that included BLM 

application in Marina del Rey Harbor.  Please add discussion of this work in the review. 
o Please remove discussion of studies that did not result in adoption of an SSO by a 

Regional Board. 
 Pg. 10, paragraph 1 – Please clarify if preliminary sampling for the BLM will be conducted prior 

to or in conjunction with sampling in Table 5. 
o Pg. 10, paragraph 4 – Please state EC50 values for M. galloprovincialis and confirm that 

the relevant endpoint for toxicity tests in laboratory dilution water is close to but not 
lower than the CCC and CMC as recommended in the 1994 Interim Guidance (pg. 21). 

 Pg. 11, paragraph 1 – Please identify the first and second most sensitive species to copper in the 
national copper databse and why M. galloprovincialis is preferred. 

 Pg. 11, paragraph 5 – Please clarify that all individual WER exposures will be initiated within 36 
hours of sample collection.  This clarification is requested to confirm that tests will not be 
initiated after 36 hours. 

 Pg. 13.  Table 1 – Test conditions in the EPA method indicate salinity should be 30°° +/- 2°° and 
the test chamber should be 30mL.  Please discuss the rationale for utilizing different test 
conditions in the study. 

 Pg. 17, Table 4 – Tables 3 and 4 are inconsistent regarding whether samples near the bottom 
were collected during event 2 or 3. 

 Pg. 19, Table 5 
o Please add details in the text regarding the decision process for sample event 6 and how 

stakeholders will participate in this process. 
o In order to characterize the variability of Marina del Rey Harbor water quality, the 

Regional Board would like to see three years of sampling. 
 Pg. 20, paragraph 2 – Please add storm drain outlets to Figure 3 as discussed in text. 
 Pg. 20, paragraph 3 – “Some of the water quality parameters needed for BLM analysis will be 

measured in the field…”  Please clarify when and how other parameters needed for the BLM 
analysis will be obtained. 

 Pg. 20, paragraph 3 – Please add TSS and turbidity to the parameters that will be analyzed. 
 Pg. 20, paragraph 4 – Please clarify whether or not sampling near the bottom of the water 

column is included in the work plan.  Please add sample collection at 1 meter depth into the 
work plan to capture area in the water column most impacted by discharge from boat hulls. 

 Pg. 21, paragraph 1 – Please clarify whether filtering of samples collected in the field for use in 
toxicity tests will occur in the field or in the laboratory.   

 Pg. 23, paragraph 2 – Please clarify the toxicity testing procedures.  This paragraph indicates 
there will be no dilution or spiking; however, the draft work plan includes spiking of samples 
with copper. 



 Pg. 23, paragraph 3- Please utilize the version of the BLM and reference material included in U.S. 
EPA’s 2016 Draft Aquatic Life Ambient Estuarine/Marine Water Criteria for Copper.  The 2012 
document sited in the Work Plan does not appear to be included in the 2016 draft criteria. 

 Pg. 24, paragraph 2 – Please increase field QA samples to two field blanks and two field 
duplicates per sampling event, collected at dispersed times during the sample event. 

 Pg. 24, paragraph 3 – Please clarify the procedure for spiking samples with copper.  How will 
samples with no effect be obtained for sites where toxicity is exhibited in the site water? 

 Pg. 25, paragraph 2 – The Regional Board would like verification of dissolved copper in all 
toxicity treatments and total copper in at least some of the toxicity treatments.  This change 
should be made to Pg. 11, paragraph 5 as well. 

 Pg. 26, paragraph 3 – For what analyses will recovery surrogates be utilized for QC rather than 
reference materials? 

 Pg. 27, paragraph 4 – Please include the criteria and statistical methods that will be used to 
evaluate sWER sample size precision in the Final Work Plan. 

 Pg. 29 – Please include submittal of data to CEDEN as part of data management. 
 Pg. 29, paragraph 3 – Please include randomization sheets in study documentation and toxicity 

data quality review 
 Pg. 30, Public Participation 

o Please clarify the recipients of each of the reports. Do the draft and final reports 
discussed in paragraph 3 apply to all task and study reports?  

o Please detail how potential decisions and/or changes to the work plan will be 
communicated (i.e. TBD information for sample event #6, whether or not data indicates 
the  need  for additional samples). 

 Pg. 31, paragraph 1 – Please change public comment periods from “30 days” to “a minimum of 
30 days” to allow for potential requests for additional time to review documents. 

 Pg. 33, Table 11 – Please clarify whether or not all TAC meetings/calls listed will be open to the 
public. 

 Please include in the work plan a discussion of whether or not a translator may be used in the 
study to convert dissolved to total copper.  If a translator will be used, please describe how the 
translator will be selected. 

 ELAP Certificate #2769 for Physis Environmental Laboratories appears to be an interim 
accreditation that expired on 8/31/18.  Please confirm whether or not Physis Environmental 
Laboratories is currently accredited by ELAP for analyses they will be performing for this study.  

 As recommended in the Interim Guidance document, please compare at least some toxicity test 
results obtained with results obtained in at least one other laboratory. 

o Guidance pg. 8, paragraph 2 – “…it is important to compare at least some results 
obtained in the laboratory dilution water with results obtained in at least one other 
laboratory.” 

 Please include full details of anticipated WER and BLM calculations/modeling in the Work Plan. 
 QAPP 

o Table B-1 - Please provide a reference for an EPA method referencing data quality 
objectives for each parameter. 

o Pg. B-5, paragraph 1: Modifications in analytical methods must be approved by the TAC. 
o Please add QA/QC procedures used to evaluate quality/acceptability of seawater from 

Granite Canyon.  Are hold times implemented for the seawater? 
o Please add a description of personnel training to the QAPP. 
o Please include a page for signatures of those certifying the adequacy of the QAPP. 



 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Los Angeles Waterkeeper and Heal the 
Bay Comment Letter 
  



 
 

  
   
 
 
December 3, 2018 
 
Via electronic mail to ashleyp@sccwrp.org , steveb@sccwrp.org , and 
shana.rapoport@waterboards.ca.gov  
 
Dr. Ashley Parks 
Mr. Steven Bay 
Southern California Coastal Water Research Project (SCCWRP) 
3535 Harbor Boulevard, Suite 110 
Costa Mesa, CA 92626 
 
Ms. Shana Rapoport 
Los Angeles Regional Water Quality Control Board 
320 West Fourth Street, Suite 200 
Los Angeles, CA 90013 
 
RE:  Draft Work Plan for Marina del Rey Harbor Site-Specific Objective Study for Toxics 
(Dissolved Copper): Joint Comments of Los Angeles Waterkeeper and Heal the Bay 
 
 Dear Dr. Parks, Mr. Bay, and Ms. Rapoport: 
 
 Thank you for the opportunity to review and comment on the Draft Work Plan for the 
Marina del Rey Harbor Site-Specific Objective Study for Toxics (Dissolved Copper) (hereafter 
“MDR Draft Work Plan”). Los Angeles Waterkeeper (LAW) and Heal the Bay (HTB) jointly 
submit the following comments on the MDR Draft Work Plan. 
 

I. Our organizations advocate on behalf of water quality in Marina del Rey 
Harbor and throughout Southern California. 

 
LAW is a nonprofit environmental organization with over 25 years of experience and 

3,000 members dedicated to protecting and restoring the inland and coastal surface and ground 
waters throughout Los Angeles County.  LAW docks its boat (coated with Hullspeed copper free 
anti-fouling paint) in MDR Harbor, and has been a visible and active part of the MDR Harbor 
community for more than 20 years.  Heal the Bay is a nonprofit environmental organization with 
over 30 years of experience and 15,000 members dedicated to making the coastal waters and 
watersheds of greater Los Angeles safe, healthy, and clean.  

 
Together, our organizations have used a mix of advocacy, education, outreach, 

engagement, and (where necessary) litigation  to ensure that Water Quality Objectives (WQO) 
and Total Maximum Daily Loads (TMDL) are promulgated as required; and that WQOs and 
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TMDLs are properly protective of the environment and of all beneficial uses at all times.  We 
also prioritize the compliance of all local water bodies with all applicable WQO and TMDL 
limits.    

 
II. LAW and HTB have actively participated in the review of previously proposed 

SSOs and have generally been critical of SSOs as a weakening of existing 
environmental protections.  

 
LAW and HTB have historically been quite skeptical of the use of Site Specific 

Objectives (SSOs) and/or site specific modifications to TMDLs when the effect is to raise 
regulatory numeric standards.1   We have been particularly concerned with the use of Water 
Effect Ratios (WER) in setting SSOs, even more so than the use of Recalculation Procedures or 
other methods of deriving SSOs.  Nonetheless, we recognize that SSOs (including WERs) are 
allowed (although not mandated) by regulation.  (See for example 40 C.F.R. §131.11 subd. (b).)   
LAW and HTB have consistently stressed the absolute necessity that any SSOs and site specific 
TMDL adjustments be as protective as the standards or limits they replace or modify.  
Additionally, any promulgated SSOs and site specific TMDL adjustments must avoid potential 
degradation of water quality, and demonstrate consistency with all other applicable Anti-
degradation Policies.  (See State Water Resources Control Board Resolution 68-16; 40 C.F.R. § 
131.12 subd. (a)(1), (a)(2)(ii).) 

 
Despite our continued misgivings on the use of SSOs, our organizations see grounds for 

cautious optimism at this point in the process for SSO development in MDR Harbor.  The role of 
SCCWRP has been beneficial, providing a layer of oversight and editorial independence that, 
from our perspective anyway, might not have always been present in the often-contentious Los 
Angeles River Copper and Lead SSO review process.  We are also encouraged by the 
willingness of Regional Board staff to engage environmental groups such as LAW and HTB, and 
to address crucial issues transparently and early in the review process.   While we anticipate 
occasional strong differences of professional opinion as the MDR Harbor SSO review process 
plays out, we will strive to make sure other participants in the process clearly understand the 
basis for our opinions.  In other words, we recognize that engagement with study authors and 
regulators is a two way street. 

 
We have reviewed the MDR Draft Work Plan, the interim and streamlined2 WER 

guidance from the federal Environmental Protection Agency (EPA), and a previous WER study 
in San Francisco Bay that lead to the promulgation of Water Effect Ratios.  We have also briefly 
reviewed several other WER studies in California that did not result in promulgation of Water 
Effect Ratios.  We have divided the remainder of our comments into general comments, specific 
comments on the MDR Draft Work Plan, and comments on the interim EPA guidance. 

                                                 
1 We are not aware of any SSO that had the effect of lowering regulatory numeric standards. 
2 We agree with the study authors (MDR Draft Work Plan, Page 3, fn 1) that the interim EPA 
guidance applies to the MDR Work Plan, but that the streamlined EPA guidance does not.  We 
therefore offer general comments on only the interim EPA guidance, to the extent of any 
divergence between the two.   
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III. General Comments:  
 
A. The Regional Board should ensure that the approval of the MDR Draft Work Plan 

does not foreclose analysis of reasonable alternatives to a Copper WER.  
 
It is important to remember that the Regional Board must review any proposed final 

WERs (fWERs) pursuant to the California Environmental Quality Act (CEQA) as a proposed 
Basin Plan Amendment (BPA).3  Because significant resources are being invested now in studies 
that will presumably produce proposed fWERs, LAW and HTB wish to sound a note of caution 
that a range of reasonable alternatives to proposed WERs will need to be evaluated as part of the 
Basin Plan Amendment process.  We wish to go on record now with our position that the BPA 
CEQA documents should evaluate the no-build alternative (i.e., keeping all current standards in 
place); as well as a range of alternatives to a  copper WER including but not necessarily limited 
to a ban on copper anti-fouling paint in MDR Harbor implemented by California state agencies4; 
a partial ban designed to lower copper levels by the amount necessary to meet TMDL 
requirements; other source control measures implemented by the state and/or County of Los 
Angeles (such as an incentive program to convert to copper free paints); use of Resident Species 
Procedures and/or Recalculation Procedures instead of WER-based SSOs; and other reasonable 
alternatives that may emerge as the MDR Harbor SSO study process continues. 

 
We also urge the Regional Board to ensure that planned compliance with anti-

degradation policies (and to the extent applicable, anti-backsliding requirements) is integrated 
into the review process for any MDR Harbor SSO as early as possible.  More broadly, we urge 
the Regional Board to integrate its reviews under the Porter-Cologne Water Quality Act of any 
SSOs with its CEQA review of the same.  This approach is arguably required of the Regional 
Board anyway (see Banning Ranch Conservancy v. City of Newport Beach (2017) 2 Cal. 5th 
919), but we believe that the anti-degradation analysis in particular would benefit greatly from a 
more integrated and holistic review approach.  Required findings and any eventual Regional 
Board approval resolution would have more of a substantial evidentiary basis as well if the 
environmental reviews are better integrated.  Our broad concern with integrated environmental 
review also extends to SCCWRP and the TAC review processes to some extent, even if Banning 
Ranch, strictly speaking, does not bind SCCWRP or the TAC.  For example, integrating 
concerns with the anti-degradation analysis required as part of any eventual BPA into the MDR 
Harbor SSO study design now would tend to result in heightened attention to the critical 
condition.  We believe such focus could only improve the final results of the MDR Harbor SSO 
study.   

 

                                                 
3 The BPA would also require approval by the California State Water Resources Control Board, 
the California Office of Administrative Law, and the federal Environmental Protection Agency. 
4 LAW has already shared a memorandum with the Regional Board outlining its position that the 
County of Los Angeles is likely preempted by California law from directly regulating copper 
paint as a nuisance in MDR Harbor, but that the Water Boards are not so preempted, if a 
demonstration is made that the proposed Water Boards’ regulatory action supports attainment of 
water quality objectives and/or TMDL waste load and load allocations. 
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B. Previous WER studies should be considered illustrative, but should not be treated as 
creating binding precedent for the MDR Harbor SSO study. 
 
Other SSO and WER studies can be illuminating, but should not be considered to create 

binding precedent on the methodology of the MDR Harbor SSO study.  This is especially true 
given the overall lack of specific methodological guidance in the interim EPA guidance. This 
overall lack of guidance has led to considerable variation in WER study designs around 
California.   

 
For example, the San Francisco Bay 2007 Proposed BPA and Staff Report for copper 

SSOs in San Francisco Bay was based on a copper WER study.   However, that SSO process 
included only a perfunctory discussion of potential source control measures, devoting just one 
page of discussion in the Staff Report to control of copper anti-fouling paint.  The Regional 
Board in San Francisco further declined to commit to any specific source control measures as 
part of the approval process.  (See San Francisco Bay 2007 Proposed BPA and Staff Report, 
Page 5-6).  We strongly urge the MDR Harbor SSO study authors as well as the Regional Board 
to make source control, particularly control of copper anti-fouling paint, a much higher priority 
for the MDR Harbor SSO study.  We see source control as both a potentially viable alternative to 
a copper SSO, but also as a threshold inquiry to help determine whether a copper SSO is 
appropriate in MDR Harbor in the first place.  It is thus conceptually difficult to separate source 
control from the MDR Harbor SSO study itself. 

 
The San Francisco Bay 2007 Proposed BPA and Staff Report contained a fairly detailed 

anti-degradation analysis (an analysis we generally find much more informative than the 
conclusory analysis prepared in conjunction with the Los Angeles River SSOs).   But one of the 
apparent conclusions in the anti-degradation analysis was that Numeric Effluent Limitations 
would likely not change in any existing permits if the proposed fWERs were approved, because 
of the effect of preexisting regulatory and permitting requirements (including anti-backsliding 
requirements).  Since SSOs are widely perceived by both proponents and opponents alike as a 
form of regulatory relief, to us this conclusion begs the question of why any discharger with an 
existing permit would bother with a lengthy and expensive SSO study in the first place.  (See 
2007 Proposed BPA and Staff Report, p. 6-7.)  A clear explanation (at a minimum) of the 
reasonably foreseeable regulatory effects (or lack thereof) of any MDR Harbor SSOs should be 
included with the MDR Harbor SSO study itself, given the importance of the anti-degradation 
policies to the ultimate success of the MDR Harbor SSO study.   

 
The San Francisco Bay 2007 Proposed BPA and Staff Report relied on dissolved organic 

carbon (DOC) as a surrogate for toxicity in follow-up monitoring.  This might be a defensible or 
even preferred approach for MDR Harbor, but study authors need to carefully justify any 
proposed use of that approach in MDR Harbor, rather than relying on the approved methodology 
of past studies.   

 
Similarly, the San Francisco Bay 2007 Proposed BPA and Staff Report, as well as the 

WER study itself, relied on translators, since conversions from total to dissolved copper were 
necessary in San Francisco.  It is unclear to what extent, if any, such translators would be needed 



 
 
 
LAW/HTB MDR Draft Work Plan Comments 
 

 
5 

 

or even appropriate in the MDR Harbor SSO study.  The excessive copper discharges in MDR 
Harbor are almost wholly attributable to copper paint on boats instead of municipal effluent.  The 
water quality objectives and TMDL limits most at issue in MDR Harbor already are tied to 
concentrations of dissolved copper instead of total copper.  We do not see any evidence that 
discharges by regulated municipal treatment plants have a significant direct effect on 
bioavailability or toxicity of copper in MDR Harbor, so those effluent limitations expressed in 
terms of total copper concentration in Hyperion’s discharge permits are apparently not an issue.5 
Moreover, other site specific factors such as depth of the water column in MDR Harbor argue 
against the appropriateness of using translators.   

 
Nonetheless, we request additional clarification on whether translators will be used in the 

MDR Harbor SSO study.  We make this request because use of translators could reduce or even 
eliminate the margin of safety in the SSOs compared to the underlying standards, and thus effect 
the protectiveness of the SSOs and the potential for degradation of water quality and the related 
question of compliance with anti-degradation policies.6  For example, the 2007 SSO study in San 
Francisco Bay applied a geometrical mean-calculated translator of 0.70 to the Central and Lower 
Bay, and a geometrical mean-calculated translator of 0.37 to Suisun and San Pablo Bays.  
However, the observed highest- and most conservative observed- translator was 1.0 in the 
Central and Lower Bays,7 and 0.94 in Suisun and San Pablo Bays.   The use of translators, in and 
of itself, therefore had the effect of significantly relaxing standards.  (See 2007 Proposed BPA 
and Staff Report, Page 4-16.)  For LAW and HTB, this feature of translators raises many of the 
same concerns that use of geometrical mean-based fWERs raised in the Los Angeles River. 

 
The issues raised above are meant to be examples of questions that can arise when trying 

to apply the methodology of one SSO study to subsequent studies.  It is not intended as an 
exhaustive list of concerns with using old SSO studies such as the 2007 San Francisco Bay study 

                                                 
5 Since this issue is not clearly explained in the MDR Draft Work Plan, we request clarification 
on whether discharges from Hyperion might have a significant direct effect on toxicity of copper 
in MDR Harbor. 
6 The most conservative copper translator is 1.0, which implies that all copper present in the 
water column is in dissolved form.  The California Toxics Rule contains an approved default 
translator of 0.83, whose use in SSO studies we would find problematic because 1) there is 
nothing site-specific about a default translator, so the appropriateness of including this default 
term in a study meant to support site specific objectives is questionable; and 2) translators are 
typically derived using geometrical means of field samples, so by definition use of the calculated 
geometrical mean translator provides a less conservative standard  than reliance on the highest 
observed translator would provide.  Whether the use of a mean translator also equates to a less 
protective standard depends on the margin of safety in the original standard, but it seems likely 
that use of a very low translator would raise many of the same issues as use of a very high WER.  
Since the two terms could be combined in any SSOs, we have a number of unresolved questions 
regarding translators.  Use of translators is seemingly analogous to promulgating a WER-within-
a-WER. Translators were not an issue in the Los Angeles River SSOs, so possible use of 
translators present an issue of first impression for us here. 
7 The measured 1.0 translator strongly suggests that use of any other translator was inappropriate. 
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as definitive guides to the current SSO study in MDR Harbor.  We also recognize that some 
methodological issues (perhaps such as translators) might prove irrelevant for the MDR Harbor 
SSO study.   

 
The broader point we are trying to illuminate with this discussion of the 2007 San 

Francisco Bay copper SSO is the lack of specific recommended practices in the interim EPA 
guidance on the proper design of SSO studies.  The lack of guidance in the interim EPA 
guidance creates difficulty in making apples-to apples comparisons of methodology across SSO 
studies.  Unfortunately, reinventing the wheel may be a cost of this lack of specific guidance.  
LAW and HTB therefore request that if specific methodologies, findings, etc. from previous SSO 
studies are being imported into the MDR Harbor SSO study, that the study authors include an 
explanation of the appropriateness in the current context of MDR Harbor, and how the 
methodology proposed could affect the margin of safety and the protectiveness of the site 
specific objectives and/or site specific TMDL modifications in MDR Harbor.  Our hope is to 
avoid or resolve any methodological issues early on in the study process, to make the MDR 
Harbor SSO study as robust and transparent as possible. 

 
IV. Comments on the MDR Draft Work Plan: 

 
To facilitate consideration of our comments on the MDR Draft Work Plan by SCCWRP 

and the TAC, our comments are presented essentially in the order in which the topics appear in 
the MDR Draft Work Plan itself.  The order of discussion is therefore not necessarily reflective 
of our organizations’ biggest concerns. We have highlighted major concerns as needed for 
clarity. 

 
Page 2: We suggest revising the text of the first full paragraph to reflect that site specific 

parameters can increase, as well as decrease, toxicity to aquatic organisms (as would be reflected 
whenever WER < 1.0).  In addition, we request a comparison of the margin of safety in the 
unadjusted WQOs, versus the margin of safety in any WER-adjusted standards.  The use of M. 
galloprovincialis as a toxicity test species (see MDR Draft Work Plan, p.10), appears to increase 
the margin of safety of associated with any WER-adjusted SSOs, but it is unclear whether the 
overall effect of the SSO would be to lessen the margin of safety compared to the underlying 
standards.   

 
Page 2: The Biotic Ligand Model (BLM) is not approved for use in marine waters, but 

the MDR Draft Work Plan relies heavily on the use of the BLM.  This raises a potentially major 
concern, although we are open to persuasion on use of the BLM in marine waters.  We request 
clarification on why the authors believe use of the BLM is appropriate despite the lack of 
approval for use of the model in marine waters.  Also, we recommend considering revision of the 
MDR Draft Work Plan to include an alternative study design, if reliance on the BLM turns out to 
be inappropriate or scientifically less than robust (or if use of the BLM remains unapproved for 
marine waters as sample WERs are derived).    

 
Page 3: LAW and HTB are also concerned that use of the BLM to target the conditions 

likely to result in the lowest WER (i.e., the critical condition), may not be appropriate if the 
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BLM is not approved for use in marine waters.  In any event, it is of the utmost importance that 
the MDR Harbor SSO study demonstrate that the critical condition has been fully evaluated as 
part of the study, regardless of whether the BLM is used or not.     

 
Page 3: (see also Page 8): Similarly, use of the BLM to generate “comparative” WERs is 

also of concern for the same reasons.  The dispute over the critical condition was one of the 
single most contentious items in the Los Angeles River Copper WER Study in 2015, so we urge 
the study authors to carefully justify any claims about the timing of the critical condition, 
especially if the MDR Harbor SSO study relies of the critical condition relies on a model not 
approved for use in marine waters. 

 
Page 4: Assuming successful resolution of the methodological concerns expressed 

elsewhere, we agree that the fWERs can be used to adjust both the CCC (chronic) and CMC 
(acute) WQOs, as well as TMDL adjustments associated with the same location. 

 
Pages 5-6 and Page 8: The summary of various other marine WER/SSO studies raises 

the question of to what extent the MDR Draft Work Plan relies on methodologies in prior 
studies.  The authors intend to “us[e] methods shown to be effective in recent successful 
California WER studies.” (MDR Draft Work Plan, Page 8.)  “Success” is not defined, however, 
and only one of the summarized studies resulted in promulgated WERs (which to us seems like a 
necessary if insufficient condition for a determination of “success”).  

 
LAW’s Senior Attorney spoke to his counterpart at San Diego Coastkeeper about the 

SSO studies there, and he recalled that the San Diego Regional Board had serious concerns with 
the design of the Shelter Island Yacht Club WER study (ironically, the WER study that produced 
the lowest WER values of any of the studies summarized). The MDR Harbor SSO study authors 
may thus wish to consult with San Diego Regional Board staff for additional information on 
these apparent concerns.  (San Diego Coastkeeper unfortunately could not locate its comment 
letter on this study in its files, so we are passing on all the additional information we have 
regarding this review.) 

 
Page 10: The authors discuss the significant sources of potential variability in calculation 

of WERs.  With a multi-year dispute over the critical condition in the Los Angeles River fresh in 
our minds, along with a keen desire to avoid such a dispute this time around, we urge the 
authors, Regional Board staff, SCCWRP staff, and the Technical Advisory Committee members 
to consider basing fWERs on the lowest value produced by methodologically correct testing, 
rather than relying on a geometric mean (or any type of averaging) of several values.  This is 
especially important if the sample WERs (sWERs) show high variability.   

 
Again, the Los Angeles River Copper WER study provides a relevant negative example 

for us.  There, the geometrical mean of five sWERs (6.196, 8.161, 8.689, 9.215, and 17.15) for 
the Rio Hondo tributary was calculated, yielding an fWER of 9.69.  Because of the high 
variability, and the inclusion of the outlying sWER of 17.15 in the fWER calculation, the fWER 
was considerably higher than the critical condition, which by definition had to occur with a WER 
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of no higher than 6.196.8 In fact, the fWER was higher than 80% of the sWERs.  This suggests 
that the WER- adjusted SSO for Rio Hondo could be considerably less protective than the 
underlying standard it replaced, and could often allow for increased toxicity.  Other tributaries 
and the LA River mainstem had the same methodological issue.  In addition, we believe a strong 
case exists that WER-based SSO should generally use the lowest sWER value obtained plus a 
margin of safety, rather than an average of values.   

 
Page 14: We believe the interim EPA guidance is generally poorly suited to Southern 

California’s flashy and highly variable hydrologic cycle, with one of the major shortcomings 
being that the guidance allows fWERs to be promulgated on as few as three field samples.  We 
strongly suggest that the study design for the MDR Harbor SSO study include more than three 
sampling events, and that the number of sampling events in the study (as well as exclusion of 
data from any sampling event from fWER calculations) be fully justified. 

 
Pages 16-17: We request citations to support the statement that DOC concentration is the 

primary variable controlling bioavailability of copper in marine systems.  Additionally, we 
request additional evidentiary support that DOC concentration is closely correlated with BLM 
modeling results, and an explanation whether this DOC/BLM correlation is being used to justify 
reliance on BLM results despite lack of EPA approval for use of the BLM in marine waters.  
Again, we are open to persuasion on this issue, but we believe additional evidence in support of 
the study author’s position is warranted. 

 
Page 17: Available DOC data suggests that the lowest DOC levels tend to occur in the 

front basins and main channel of MDR Harbor, with back basins trending towards higher 
concentrations.  While this distribution of concentrations makes intuitive sense, given how 
crucial distribution of DOC appears to be for the defensibility of the study results (including the 
calculation of fWERs), we recommend that additional DOC monitoring be undertaken prior to 
WER sampling to confirm the DOC concentration distribution pattern in the study area.   

 
Page 18: Similarly, we recommend additional confirmation backed by rigorous data and 

robust modeling that the critical condition is likely to occur during dry weather in winter or 
spring.9  Since this period is quite different from the apparent occurrence of the critical condition 
in the freshwater system of the Los Angeles River (where the Regional Board found the critical 
condition to occur during the peak of the dry season), we request additional discussion of why 
this large temporal difference in occurrence of the critical condition might result between the 
freshwater Los Angeles River and the marine waters of MDR Harbor.  

                                                 
8 It seems likely that the true critical condition at Rio Hondo would be even lower, since only 5 
sample WERs were calculated and the sWERs exhibited high variability.   
9 Ironically, during the review of the Copper WER study for the Los Angeles River and its 
tributaries, our organizations suggested that dry periods within the rainy season were very 
plausible candidates for the occurrence of the critical condition, a position that was hotly 
disputed by both the study authors and the Regional Board at the time.  We suggest, at a 
minimum, that study authors consider a more precise definition for wet and dry weather 
conditions than that provided in the interim EPA guidance. 
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 Page 18: Given the probable lowest DOC concentrations in the main channel, we 

recommend considering adding a second water sampling station in the main channel, in the area 
of the channel to the east of the terminus of Bora Bora Way, to improve the robustness of the 
study results.   

 
Page 20: We have concerns that a single sampling event to confirm that wet weather 

copper bioavailability is lower than other periods is insufficient, especially since the study 
authors believe that winter or spring contains the critical condition.  We recommend that the 
study authors consider adding at least a second sampling event in wet conditions.   

 
Page 20: We support the collection of grab samples, and support analyzing zinc 

concentrations in those samples.  However, we ask for greater clarification of the claim that 
inclusion of zinc in the study will facilitate understanding copper toxicity.   

 
In other words, we request a greater discussion of how the study design will account for 

possible synergistic effects of multiple toxins (zinc and lead come to mind in particular).  It is 
unclear how the study design can account for synergistic effects when the test methodology 
isolates copper for addition to test vessels, but the extent of any variation in copper discharges is 
unclear,10 and zinc/lead loading probably tend to occur in unison in real world conditions (along 
with loading of other pollutants, some of which might exacerbate the toxicity of the metals, and 
some of which might mitigate the toxicity).  This issue proved contentious in the Los Angeles 
River proceedings, and being familiar with the LA River WER study, we have the impression 
that environmental advocates and regulators spent much time talking past each other on the issue 
of synergistic effects, so we would like as much clarification as possible early in the process.   

 
One possible solution would be to essentially sidestep the issue, by demonstrating that the 

MDR Draft Work Plan builds in a very significant margin of safety, so that artifacts of test 
methodology do not lead to an underestimate of copper bioavailability.  We reiterate how 
important it is to the success of the study to obtain an accurate estimate of copper bioavailability. 
If bioavailability is underestimated, proposed fWERs are likely unrealistically high, with all of 
the attendant problems for protectiveness of the standards, possible degradation of water quality, 
etc., that such a situation would entail. 

 
The other overlapping possibility is to identify the lowest possible WER and set the SSOs 

accordingly.11  In other words, use the critical condition, and not a geometric mean, as the basis 
for the SSOs.  One of the few areas where, in our view, the interim EPA guidance actually 
provides useful methodological recommendations concerns the potential for synergistic effects, 
and the interim EPA guidance suggests that it may be most cost-effective to base SSOs on the 

                                                 
10 We request a fuller discussion of whether copper discharges are in fact approximately 
constant, or whether they tend to increase during events when discharges of other pollution tends 
to increase. 
11 Logically, we would see this as the lowest sWER, plus some defensible margin of safety, or 
even a non-arbitrary “fudge factor” that can garner consensus support. 
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lowest WER.  (See interim EPA guidance at p. 135.)  In any event, we urge study authors to 
more fully explain how the MDR Draft Work Plan accounts for synergism, additivity, or reduced 
efficacy of detoxifying metal-organic complexes when multiple metals are present.   

 
Page 27: The question of whether the WER sample size and precision allows for a 

defensible fWER is extremely important.  We again urge the study authors to use the lowest WER 
obtained plus a margin of safety, rather than an average of sWERs, to ensure that the critical 
condition has been captured, and that the SSOs do not suffer from a potentially serious anti-
degradation policy consistency problem as a result.   

 
Page 28: In a similar vein, LAW and HTB believe that if insufficient data exists to support 

“the desired level of precision and seasonal specificity” of fWERs after completion of the study, 
then Regional Board approval of a Basin Plan Amendment based on those fWERs almost by 
definition would violate both CEQA and Porter-Cologne, as any findings would lack substantial 
evidentiary support and/or would not proceed in manner required by law.  (See California Code 
of Civil Procedure §1085 and §1094.5.)  We thus strongly encourage revision to this section of 
the MDR Draft Work Plan, to include a firm commitment to either collect such data until the 
data set is robust enough to support calculated fWERs, or else to discontinue the process of 
seeking approval of SSOs if data is insufficient to support calculation of defensible fWERs.   

 
Page 31: We support having public comment periods at key points during the MDR 

Harbor SSO study process.  We strongly recommend formal written responses to comments be 
prepared, even if the Regional Board believes it does not have a strict legal obligation to prepare 
such a document as part of its Work Plan review.  We recognize that preparing written responses 
at multiple points in the MDR Harbor SSO study process will be very time consuming and can 
seem a thankless task.  We can assure you that the same is often true of writing multiple 
comments in the first place.  However, the process of preparing formal written responses ensures 
that 1) all public comments are examined and considered; 2) the author of the comments knows 
how the comments have been considered and has a sense of the disposition of the issue raised; 
and 3) issues that might otherwise linger and fester are potentially resolved.12  It also offers all 
parties the benefit of a written record, and demonstrates that the Regional Board takes 
engagement with various interests and perspectives seriously at every step of the process.   

 
We also request that data collected to support the MDR Harbor SSO study be made 

available in as close to real time as possible, to further enhance transparency, and to provide for 
potential feedback to allow identification (and presumably correction) of any problems as early 
in the process as possible. 
 
/// 
/// 

 

                                                 
12 As a practical matter, issues that fester would likely reappear as written comments during the 
BPA review, at which point written comment responses from the Regional Board would be 
required anyway. (See Pub. Res. Code §21080.5 subd. (2)(D).) 
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V. Concerns with the Interim EPA Guidance: 
 

Many of the following comments on the “June 1994 Environmental Protection Agency 
Interim Guidance on the Determination and Use of Water Effect Ratios for Metals” (i.e. the 
interim EPA guidance) are reflected above as applied to specific issues associated with the MDR 
Draft Work Plan.  Nonetheless, our organizations have sufficient concern with the interim EPA 
guidance generally that we wish to go on record here with those concerns.   

 
First, we were greatly encouraged and relieved during the course of the initial TAC call 

when Mr. Bay of SCCWRP referred to the interim EPA guidance as an “aspirational” document 
not to dictate the exact conduct of the MDR Harbor SSO study.  Bringing to mind Voltaire’s 
quip about the Holy Roman Empire, we do not consider the interim EPA guidance as “interim” 
in any meaningful sense of the word (it will celebrate its 25th birthday during the course of the 
MDR Harbor SSO study), nor do we believe it provides much in the way of useful guidance.  
However, we will assume, arguendo, that the guidance was actually produced by EPA, or at least 
under its direction. 

 
One fundamental problem with the document is that it assumes the hydrologic cycle of 

Southern California is essentially the same as anywhere else.  As even a casual observer would 
recognize, this is far from true.  Our organizations have long advocated that the California State 
Water Resources Control Board promulgate California-specific WER guidance, but apart from 
production of a draft WER policy over a decade ago we have had no success on this front.  So, 
from our perspective we are essentially stuck with very old WER guidance that does not speak to 
the extreme variability of California’s hydrologic cycle; allows potentially wholesale changes to 
WQOs and TMDL limits based on as little as three field samples; and provides only vague 
guidance as to the timing of when those samples should even occur.   (See for example, Page 48 
of the interim EPA guidance, which cautions that samples should not be “unduly affected by 
recent runoff events.”)   

 
We are also concerned that the document allows extrapolation of assumptions about 

toxicity over a wide range of organisms.  This is less of a concern in this particular instance, 
since the study design is using the most sensitive species in the national data set for marine 
organisms, and is using the same organism upon which California Toxics Rule copper criteria 
are based.  (MDR Draft Work Plan, Pages 10-11.)   Nonetheless, this breezy acceptance of 
extrapolation to very divergent organisms raises concerns generally.   

 
The interim EPA guidance is silent on maintaining a margin of safety to account for 

possible errors in measurements.  Because setting a WER too high could (and in many cases, 
likely would) result in increased toxicity and/or water quality degradation, this is a major 
omission.   
 
 Even where the interim EPA guidance uncharacteristically offers specific help to study 
authors- most notably by suggesting identification of the lowest possible WER and setting the 
SSOs accordingly to account for potential synergistic effects that are difficult to account for in 
study design- the guidance thereby creates an internal inconsistency with the definition of the 
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fWER, which is defined as a geometrical mean.13  (See interim EPA guidance at Page 36; cf 
Page 135.)   
 

VI. Conclusion: 
 
LAW and HTB approach the MDR SSO study with a dose of healthy skepticism, but we 

are committed to keeping open minds and open channels of communication.  The process for the 
MDR Harbor SSO study so far represents a major improvement over the contentious review of 
the Los Angeles River Copper and Lead SSOs, although obviously the review process for MDR 
Harbor is still quite early.   We hope to work with SCCWRP, TAC members, the Regional 
Board, and other stakeholders moving forward to resolve issues as they arise, and to ensure that 
if site specific water quality objectives and TMDL adjustments are approved for MDR Harbor, 
that the results are scientifically and legally sound. 

 
Thank you for this opportunity to comment on the MDR Draft Work Plan.  We look 

forward to participating in the in-person TAC meeting in December.  Please contact Arthur 
Pugsley at LAW (arthur@lawaterkeeper.org or 310-394-6162 x 102) or Annelisa Moe at HTB 
(amoe@healthebay.org or 310-451-1500 x 139) if you have any follow-up questions regarding 
the above.  (Signatures appear on the following page.) 
 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
/// 
 

                                                 
13 Unless all data points are exactly equal, of course. Such a situation seems extremely unlikely 
to occur, and we believe it could be problematic for other reasons if it did. 
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Sincerely,  
 
 

  
       
_______________________   _________________________ 
Arthur Pugsley, M.S., LL.M.        Melissa von Mayrhauser, M.Sc.     
Senior Attorney         Watershed Programs Manager 
Los Angeles Waterkeeper   Los Angeles Waterkeeper 
 
 
 
 
 
 

   
 
_______________________   ________________________ 
Katherine Pease, Ph.D.             Annelisa Moe, M.S. 
Director of Science & Policy   Water Quality Scientist 
Heal the Bay     Heal the Bay 
 
 
 
 
 
cc (via electronic mail):  Ms. Jenny Newman (Jenny.Newman@waterboards.ca.gov) 
    Mr. Michael Tripp (mtripp@bh.lacounty.gov)  
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Ashley Parks

From: Johntommy Rosas <tattnlaw@gmail.com>
Sent: Wednesday, October 31, 2018 1:00 PM
To: Ashley Parks; Hanks, Michael@Waterboards; Rapoport, Shana@Waterboards; 

JOHNTOMMY ROSAS
Subject: RE:DRAFT WORK PLAN MARINA DEL REY HARBOR SITE-SPECIFIC OBJECTIVE STUDY
Attachments: Citations for OSHA, etc - Rosas - MIACC-AFS mtg 10-16-18 (1).docx

Hi Dr. Ashley Parks/Shana/Michael, 
I made this video presentation for the Fall 2018 Marina Interagency Coordinating Committee and 
Anti-fouling Strategies Workgroup- 
I hope you folks can implement this information for your study- 
thanks ,jt  
https://www.youtube.com/watch?v=mvTgmKY8pSY 

1. https://www.nace.org/Corrosion-Central/Corrosion-101/Galvanic-Corrosion/  
2. http://www.cruisersforum.com/forums/attachment.php?attachmentid=172105&d=1529

467584 
3. https://www.cdpr.ca.gov/docs/emon/pubs/ehapreps/eh0805.pdf 
4. https://newcontent.westmarine.com/wm-img/westadvisor/articles/Shore-Power-13.jpg 
5. http://assets.bluesea.com/files/resources/newsletter/images/Ground_Fault.png 
6. http://www.forestriverforums.com/attachments/photobucket/img_1146680_0_ebf4cd5e

ca16c8ae1d3bef0d73c8bef4.gif 
7. https://darchive.mblwhoilibrary.org/bitstream/handle/1912/191/chapter%2022.pdf?seq

uence=31 
8. https://www.ecmweb.com/content/case-hot-marina 
9. https://www.electricshockdrowning.org/esd--faq.html 
10.http://www.boatus.com/seaworthy/assets/pdf/electric-shock-drowning-explained.pdf  
11.http://www.boatus.com/seaworthy/assets/pdf/marina-dock-safety.pdf 
12.https://law.resource.org/pub/us/cfr/ibr/001/abyc.E-09.1990.pdf 
13.http://www.uscgboating.org/regulations/assets/builders-handbook/ELECTRICAL.pdf  
14.https://www.waterboards.ca.gov/about_us/performance_report_1617/plan_assess/docs

/fy1314/11112_r4_marinadelrey_toxics.pdf 
15.https://www.waterboards.ca.gov/losangeles/board_decisions/basin_plan_amendments/t

echnical_documents/96_New/Final%20MdR%20Sediment%20Characterization%20Repo
rt_processed.pdf 

16.https://www.cdpr.ca.gov/docs/dept/prec/2017/012017_af_paints.pdf 
17.https://www.paint.org/article/marine-coatings-making-sense-u-s-state-local-mandates-

copper-based-antifouling-regulations/  
18.https://www.epa.gov/sites/production/files/2015-

10/documents/2001_10_30_nps_mmsp_section4.pdf  
19.https://www.dtsc.ca.gov/PollutionPrevention/upload/Scappingand-SandingHullFinal.pdf  
20.https://www.usace.army.mil/Portals/2/docs/civilworks/recreation/Water_Safety/tools/g

uidelines_safe_operation_maint_marinas.pdf?ver=2016-07-25-130937-857 
21.https://www.osha.gov/Publications/osha2268.pdf  
22.https://www.osha.gov/laws-regs/regulations/standardnumber/1915/1915SubpartC  
23.https://www.osha.gov/OshDoc/data_MaritimeFacts/shipbreaking-factsheet.pdf  
24.https://www.osha.gov/dts/maritime/standards/guidance/shipyard_guidance.html  
25.https://www.osha.gov/dts/maritime/sltc/ships/surfaceprep/surfaceprep_all-in-one.pdf  
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26.https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.16  
27.https://www.osha.gov/pls/imis/sic_manual.display?id=921&tab=description  
28.https://www.dtsc.ca.gov/PollutionPrevention/upload/MediaBlastingFinal.pdf  
29.https://www.cdpr.ca.gov/docs/dept/prec/2017/012017_af_paints.pdf  
30.http://www.dfo-mpo.gc.ca/Library/52635.pdf  
31.ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/AnnualReports/2003_04AnnualReport/

ar04-schiff_pg41-49.pdf  
32.https://escholarship.org/content/qt4dr8m4h1/qt4dr8m4h1.pdf  
33.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3919178/  
34.http://www.dtic.mil/dtic/tr/fulltext/u2/a284381.pdf  
35.https://www.researchgate.net/publication/269466237_Copper_emission_loading_from_

antifouling_paints_and_their_relation_to_industrials_and_waste_water_effluents_to_the
_Suez_bay_transit_area  

36.https://www.equipcoservices.com/sales/ysi/pro30.html?gclid=EAIaIQobChMIzvfrqefP3Q
IVyQoqCh3f3QUKEAAYASAAEgJoA_D_BwE  

37.https://www.ysi.com/File%20Library/Documents/Manuals%20for%20Discontinued%20P
roducts/038503-YSI-Model-85-Operations-Manual-RevE.pdf  

38.http://www.electrochemsci.org/papers/vol12/120201232.pdf  
39.https://www.paint.org/article/use-copper-based-antifouling-paint-u-s-regulatory-

update/  
40.https://www.wartsila.com/docs/default-source/marine-

documents/encyclopedia/wartsila-o-marine-
encyclopedia.pdf?utm_source=web&utm_medium=web&utm_term=marine&utm_conte
nt=encyclopedia&utm_campaign=encyclopedia  

41.http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-
Convention-on-the-Control-of-Harmful-Anti-fouling-Systems-on-Ships-(AFS).aspx  

42.http://www.imo.org/en/OurWork/Environment/Anti-foulingSystems/Pages/Default.aspx  
43.https://www.google.com/search?q=boat+hull+cleaning+divers&num=20&newwindow=

1&rlz=1C1CHBD_enUS807US807&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjj_7u9
68_dAhULKXwKHfgsB4EQ_AUIDygC&biw=1816&bih=974&dpr=2  

44.http://events.nace.org/conferences/IMCS2008/papers/15.pdf 
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Ashley Parks

From: Johntommy Rosas <tattnlaw@gmail.com>
Sent: Wednesday, October 31, 2018 3:45 PM
To: Ashley Parks; Hanks, Michael@Waterboards; Rapoport, Shana@Waterboards; 

JOHNTOMMY ROSAS
Subject: Re: DRAFT WORK PLAN MARINA DEL REY HARBOR SITE-SPECIFIC OBJECTIVE STUDY

I hope to see sufficient testing and additional testing areas per this citation - 
''  The USEPA (1994) Interim Guidance recommends that WER analyses be conducted over a 
range of conditions so that the results are representative of the variations in water quality at the 
site. 
 The guidance also states that the study should include multiple stations distributed over a 
minimum of three separate sampling events that include different seasons and locations. '' 
Its also important to test appx 2 years to get a secondary year to compare with - 
in the various seasonal events and effects that occur from the seawater  
and the actual vessels different discharges from stray electrical currents  
-and those affects that cause additional antifouling paint /copper other noble metals in the 
coatings to discharge from all vessels - 
the suggested testing areas are not sufficent -there should be an additional 22 stations and 
22 locations used for metals analysis 
 ''The station locations for the study are a subset of 11 candidate stations used in previous 
monitoring surveys (Figure 3). These stations include nine locations used for metals analysis in 
the MdR Harbor TMDL Coordinated Integrated Monitoring Program '' 
the some testing areas should be near the vessels as well- where the actual discharging occurs- 
there should be habitat testing additionally to have the negative impacts on sea life / habitat 
etc- documented- 
thanks jt  
 
On Wed, Oct 31, 2018 at 12:59 PM Johntommy Rosas <tattnlaw@gmail.com> wrote: 
Hi Dr. Ashley Parks/Shana/Michael, 
I made this video presentation for the Fall 2018 Marina Interagency Coordinating Committee 
and Anti-fouling Strategies Workgroup- 
I hope you folks can implement this information for your study- 
thanks ,jt  
https://www.youtube.com/watch?v=mvTgmKY8pSY 

1. https://www.nace.org/Corrosion-Central/Corrosion-101/Galvanic-Corrosion/  
2. http://www.cruisersforum.com/forums/attachment.php?attachmentid=172105&d=152

9467584 
3. https://www.cdpr.ca.gov/docs/emon/pubs/ehapreps/eh0805.pdf 
4. https://newcontent.westmarine.com/wm-img/westadvisor/articles/Shore-Power-13.jpg 
5. http://assets.bluesea.com/files/resources/newsletter/images/Ground_Fault.png 
6. http://www.forestriverforums.com/attachments/photobucket/img_1146680_0_ebf4cd5

eca16c8ae1d3bef0d73c8bef4.gif 
7. https://darchive.mblwhoilibrary.org/bitstream/handle/1912/191/chapter%2022.pdf?se

quence=31 
8. https://www.ecmweb.com/content/case-hot-marina 
9. https://www.electricshockdrowning.org/esd--faq.html 
10.http://www.boatus.com/seaworthy/assets/pdf/electric-shock-drowning-explained.pdf  
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Ashley Parks

From: Johntommy Rosas <tattnlaw@gmail.com>
Sent: Wednesday, October 31, 2018 4:04 PM
To: Ashley Parks; Hanks, Michael@Waterboards; Rapoport, Shana@Waterboards; 

JOHNTOMMY ROSAS
Subject: Re: DRAFT WORK PLAN MARINA DEL REY HARBOR SITE-SPECIFIC OBJECTIVE STUDY

 
please my suggested test stations - please include the fiji channel/ditch [has the areas with 
arrows ] 
and ballona[bayona] creek channel that goes into the state BWER -as well  
thanks jt 
 
On Wed, Oct 31, 2018 at 3:44 PM Johntommy Rosas <tattnlaw@gmail.com> wrote: 
I hope to see sufficient testing and additional testing areas per this citation - 
''  The USEPA (1994) Interim Guidance recommends that WER analyses be conducted over a 
range of conditions so that the results are representative of the variations in water quality at 
the site. 
 The guidance also states that the study should include multiple stations distributed over a 
minimum of three separate sampling events that include different seasons and locations. '' 
Its also important to test appx 2 years to get a secondary year to compare with - 
in the various seasonal events and effects that occur from the seawater  
and the actual vessels different discharges from stray electrical currents  
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Ashley Parks

From: Johntommy Rosas <tattnlaw@gmail.com>
Sent: Tuesday, December 11, 2018 4:40 PM
To: Ashley Parks; JOHNTOMMY ROSAS; Michael Tripp; Kang, Jim@Waterboards; Rapoport, 

Shana@Waterboards
Subject: RE DRAFT WORK PLAN MARINA DEL REY HARBOR SITE-SPECIFIC OBJECTIVE STUDY

I have reviewed your draft document and I approve of it - 
The TONGVA NATION continues to fully support of the clean up and remediations for the MDR 
HARBOR and the SANTA MONICA BAY as approved by the US EPA and CA STATE WATER 
BOARD- 
which is our territorial waters historically and now as recognized by UN UNDRIP which the USA 
has adopted - 
and the state of ca has as well under AJR 42- 
thank you  
/S/ JOHNTOMMY ROSAS  
 
--  
JOHN TOMMY ROSAS 
TRIBAL ADMINISTRATOR 
TRIBAL LITIGATOR -TATTN JUDICIAL # 0001 
TONGVA ANCESTRAL TERRITORIAL TRIBAL NATION 
A TRIBAL SOVEREIGN NATION UNDER THE UNDRIP AND AS A  TREATY [s] SIGNATORIES RECOGNIZED TRIBE, INCLUDING BY THE STATE OF 
CALIFORNIA  WITH HISTORICAL & DNA AUTHENTICATION ON CHANNEL ISLANDS AND COASTAL VILLAGES - AND AS A CALIFORNIA NATIVE 
AMERICAN TRIBE / SB18-AB 52-AJR 42-ACHP/NHPA - CALIFORNIA INDIANS JURISDICTIONAL ACT U S CONGRESS APPROVED MAY 18, 1928 
45 STAT. L 602  
  
OFFICIAL TATTN CONFIDENTIAL  E-MAIL 
ALL RIGHTS RESERVED 
TATTN / TRIBAL NOTICE OF CONFIDENTIALITY: 
  This e-mail message, including any attachments, is for the sole use of the intended recipient(s) and may contain confidential and/or 
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                                                                                                                                                           December 3, 2018 

To: USEPA, LARWQCB, LA County BOS, SCCWRP, TAC Members, and other Interested Parties 

Re: Draft Work Plan Marina del Rey Site-Specific Objective Study review, comments and concerns by 
Douglas Fay 

Thank you for the opportunity to comment on this controversial Work Plan. I represent the third 
generation of documented Fay family involvement with the Marina del Rey (MDR) Harbor and Santa 
Monica Bay (SMB). My children represent the fourth. In 1949, my fisherman grandfather Rimmon 
Loraine Fay was a member of the pioneering Ocean Fish Protective Association, which formed when our 
local fishery showed signs of collapsing, which it did. My ocean lifeguard and marine scientist father Dr. 
Rimmon C. Fay, with PhDs in Chemistry and Oceanography was considered by many as the leading SMB 
expert for decades. In 1962, the year I was born, my parents bought a home on Howard Street adjacent 
to the MDR Harbor, where I lived for 3 decades. I have been swimming and diving in the SMB my entire 
life. I am a certified professional scuba instructor with hundreds of dives in the SMB. I have attended 
several meetings and commented on MDR water quality concerns in the past. 

I have read the Draft Working Plan and am alarmed that this is in fact not a working plan that protects 
aquatic life in the MdR Harbor as stated. The Introduction of the Draft Working Plan clearly outlines that 
this is a “reconsideration” of TMDLs for Toxins based on the rationale that there is a need to quantify 
and/or justify creating a legally and “scientifically defensible” water quality criterion to protect aquatic 
life in MDR Harbor. It is deception. Without creating a working plan that removes over 50 years of 
accumulated toxins and organic matter this is impossible. The intent of the Draft Working Plan is to 
reduce environmental protection by paying SCCWRP and others $4 million to create studies that say 
everything is okay when in fact it is not. Funding and creation of this study is exempt from CEQA. This 
move is also an environmental injustice. 

I have stated that, “For the recreational users, boaters, divers, tourists, residents and marine life that 
live and play in Marina del Rey, the Harbor is our aquarium of the Pacific. Aquariums must be 
maintained. The County of Los Angeles (County) is responsible for maintaining the Harbor. 
Unfortunately, since the Harbor was built, they have failed to maintain the water quality at an 
acceptable level. 

The Working Plan solution to the 303(d) list impairment that I proposed years ago was for the County to 
purchase or custom build a commercial boat that can remove, in an environmentally friendly way, 
vacuum not dredge, an average of 1 ton of sediment per day, transfer the material to a commercial 
truck, and have it taken to a land based facility for recycling and reuse. Within 2 years, approximately 
600 tons of sediment, generated primarily from in water hull cleaning, would be removed and water 
quality will significantly improve. Ongoing maintenance would be required. The man-made marina does 
not have adequate circulation. It is a design flaw that requires maintenance as mitigation.  

Unfortunately, in 2014, rather than implement a working plan to remove the toxins and organic matter, 
the County BOS approved another study. There have been several over many years. This one at a cost of 
$4 million.  
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The question that needs to be asked is: Do the decision makers and stakeholders clearly understand the 
objective and reconsideration of this proposed Draft Work Plan? I do not believe the stakeholders do. I 
know further delays that prevent implementing a solution impose a significant impact on aquatic life.  

Absent from Background description is 1954 US Public Law, House Document No.389, the Federal 
document that outlines the creation and purpose of the Harbor. In 1994, the US House of 
Representatives approved a Resolution - Docket 2455 that states the Secretary of the Army is required 
to review a report by the Chief of Engineers on House Document No.389. A determination was to be 
made prior to environmental restoration projects. Unfortunately, there is no documentation that shows 
a determination has been made and controversial restoration projects have proceeded. 

The November 15, 2018 publication of The Argonaut newspaper Page 10, A Piece of Marina History 
Goes up for Auction shows an early-1960s watercolor depicting the original design study for dredging 
Marina del Rey Harbor painted by an architecture coordinator for Los Angeles County. It shows a 
landscape consistent with what is described in House Document No. 389. 

In 1998 the MDR Harbor was added to the 303(d) list by the LARWQCB for high copper levels. 

In 2014 the toxin TMDLs were revised and adopted by the LARWQCB and SWRCB. 

The SWRCB Resolution 2014-0049 lead to the SSO study in 2017. 

In the Development of Site-Specific Objectives, it states protection of aquatic life is uncertain. It further 
states that this study does not account for physical constituents for example, particulate and dissolved 
organic matter.  

The proposed study is not inclusive and will not produce a comprehensive solution that will protect 
aquatic life. It does not mention providing the required level of protection for human health. 
Commercial divers and recreational swimmers enter the MdR Harbor waters daily. 

WER is not applicable to MdR. 

The Toxicity Test Species and Method Selection is limited to one species, M. galloprovincialis embryos. 

The Water-Effect Ratio Study Design – Station Locations excludes Oxford Basin. Why?  

The Public Participation Plan states public participation will be actively sought. Absent from the Draft 
Work Plan is public comment and Q&A at the TAC review meetings and the first public workshop. Why? 
Limiting public participation to only being able to comment at the final second public workshop is 
insufficient. 

Under section VII Implementation Report is California Water Code Section 13241 anti-degradation 
review (as appropriate). If the Draft Work Plan proceeds as proposed degradation of the Harbor will 
continue and reviewing now is appropriate. 

Under section VIII Project Schedule is the Work Plan. April 19, 2015, the County BOS approved SCCWRP 
to initiate the SSO Study.  

The Quality Assurance Project Plan will be conducted by SCCWRP. For me, given the history of failed 
scientific research integrity at SCCWRP, this is problematic. It is well documented in Dirty Water by Bill 
Sharpsteen that Willard Bascom altered SMB pollution data submitted to him by one of his scientists Dr. 
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David Brown when he ran SCCWRP. Eventually, the City of Los Angeles lost the 301(h) waiver battle in 
court at a cost of over $3.5 billion dollars. The scientific evidence that forced them to upgrade sewer 
infrastructure throughout LA County and at Hyperion came from my marine scientist father Dr. Rimmon 
C. Fay. With Dr. Fay out of the picture, he passed away January 1, 2008, there are no credible 
independent scientists to ensure Bascom’s behavior isn’t continuing at SCCWRP and influencing this 
process in other ways. 

When I read that Richard Ambrose was 1 of 3 TAC Members for this Draft Work Plan and study the 
alarm bells went off. Like Bascom, Ambrose is a person that is not trusted by SMB environmental 
activists. The controversial Malibu Lagoon restoration project he supported was not comprehensive in 
relation to the watershed and SMB. This past summer, after project completion, a massive fish die-off 
occurred in the Malibu Lagoon. The upstream barrier Rindge Dam that significantly impedes the 
endangered Southern Steelhead trout from historical migration territory, has not been removed. 
Upstream pollution and water quality concerns legalized through the TMDL process do not provide 
adequate protection for the endangered Southern Steelhead. Ambrose also supports the controversial 
Ballona Wetlands Ecological Reserve (BWER) Alternative 1 proposed alternative, that will transform 
what was historically a positively charged fresh water estuary into a full tidal habitat. Again, approved 
through the TMDL process, untreated urban runoff would be introduced into the fragile BWER under the 
assumption that wildlife areas can assimilate the synthetic toxins without harming species. I have never 
read a valid scientific report that states unlike in humans, synthetic toxins do not harm wildlife. 
Maintaining the adjacent MdR Harbor that already is a full tidal habitat for aquatic species would negate 
the need to transform the BWER. Through his involvement with the Santa Monica Bay Restoration 
Commission (SMBRC), as a scientist Ambrose has done nothing to right the wrongs of this commission’s 
actions. Currently this commission operates under the SWQCB and is funded in part by the USEPA’s 
National Estuaries Program (NEP) which states the SMB is a 312 square mile estuary, which it is not. It is 
a bay. His scientific integrity appears to be compromised by politicians. Richard Ambrose does not 
belong on the TAC. He should be replaced. 

The intent by US Representative Mel Levine and California Assemblyman Tom Hayden decades ago, with 
NEP funding, was to study SMB pollution for 5 years and draft a plan that included the creation of the 
Santa Monica Bay National Marine Sanctuary. If the sanctuary designation had happened, which it 
didn’t, the MdR Harbor would have been required to be maintained. There is sufficient revenue 
generated in unincorporated MdR to fund my recommended work plan for the harbor. Unfortunately, 
the BOS have taken this process as far away from a sustainable outcome as humanly possible and at a 
significant financial burden to taxpayers. 

Respectfully submitted, 

Douglas Fay 
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